NASA MEMO 5-21-59E 


MEMO 5-21-59E 




L3 !r i;-- S 8 

W 18 « &=» M 


CA 

nasa copy 




MEMORANDUM 


THEORETICAL PERFORMANCE OF LIQUID HYDROGEN WITH 

LIQUID OXYGEN AS A ROCKET PROPELLANT 

By Sanford Gordon and Bonnie J. McBride 

Lewis Research Center 
Cleveland, Ohio 


NATIONAL AERONAUTICS AND 
SPACE ADMINISTRATION 

WASHINGTON 

June 1959 




E-189 


ERRATA 


NASA MEMORANDUM 5-21-59E 
By Sanford Gordon and Bonnie J. McBride 
June 1959 


Tables Il(a) through Il(h) : Add 10,000 to the enthalpy values for 

R = 0.150 and 0.200 for pressure ratios of 1.00 to 4000.00. 

Tables Il(a), (c), (d), (e), (g), and (h): Add 10,000 to the en- 
thalpy values for R = 0.250 for pressure ratios of 1.00 to 10.00. 

Tables Il(b) and (f): Add 10,000 to the enthalpy values for 

R = 0.250 for pressure ratios of 1.00 to 10.21. 


NASA - Langley Field, Va. 


Issued 9-23-60 




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MEMORANDUM 5-21-59E 


THEORETICAL PERFORMANCE OF LIQUID HYDROGEN WITH 
LIQUID OXYGEN AS A ROCKET PROPELLANT 
By Sanford Gordon and Bonnie J . McBride 


SUMMARY 

Theoretical rocket performance for both equilibrium and frozen com- 
position during expansion was calculated for the propellant combination 
liquid hydrogen and liquid oxygen at four chamber pressures (60, 150, 
300, and 600 lb/sq in. abs) and a wide range of pressure ratios (l to 
4000) and oxidant-fuel ratios (1.190 to 39.683). Data are given to esti 
mate performance parameters at chamber pressures other than those for 
which data are tabulated. The parameters included are specific impulse, 
specific impulse in vacuum, combustion-chamber temperature, nozzle-exit 
temperature, molecular weight, molecular-weight derivatives, characteris 
tic velocity, coefficient of thrust, ratio of nozzle-exit area to throat 
area, specific heat at constant pressure, isentropic exponent, viscosity 
thermal conductivity, Mach number, and equilibrium gas compositions. 

The maxi mum value of specific impulse for expansion to 1 atmosphere 
is given in the following table : 


Combust ion - 
chamber 
pressure , 

lb/sq in. 
abs 

Ratio of 
chamber 
pressure 
to exit 
pressure, 

‘ p c /p 

Specific impulse, I, 
(lb) (sec)/(lb) 

Assuming 

frozen 

composition 

Assuming 

equilibrium 

composition 

60 

4.083 

254.6 

255.4 

150 

10.207 

313.1 

315.0 

300 

20.414 

345.8 

348.1 

600 

40.827 

371.8 

374.5 
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INTRODUCTION 

The performance of hydrogen and oxygen as a rocket propellant has 
been reported in the literature. However , additional performance calcu- 
lations are needed for a wider range of conditions than were heretofore 
available. Calculations were therefore made at the NASA Lewis Research 
Center to provide rocket performance data for liquid hydrogen and liquid 
oxygen for the following conditions: 

(1) Four chamber pressures (60, 150, 300, and 600 lb/sq in. abs) 

(2) A wide range of oxidant-fuel weight ratios (1.190 to 39.683) 

(3) A wide range of pressure ratios (l to 4000) 

(4) Equilibrium and frozen composition during expansion 

Data are given to permit estimates of performance parameters at cham- 
ber pressures other than those given in this report. 

SYMBOLS 

The following symbols are used in this report: 

A nozzle area, sq in. 

5 / number of formula weights (defines, as A in ref. l) 

a local velocity of sound, ft/sec 

Cp coefficient of thrust, C-p = g c l/c* = F/P C A^. 

0° molar specific heat at constant pressure, cal/(mole) (°K) 

Cp specific heat at constant pressure, (Sh/c3T)p, cal/(g)(°K) 

c y specific heat at constant volume, cal/(g)(°K) 

c* characteristic velocity, g c P c A t/ w ft / sec 

F thrust, lb 

f 00 function of T* 

g c gravitational conversion factor, b2.174 


lb mass \ / ft \ 
lb force/ ( sec 2 y 
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n? 

h 

I 

^vac 

k 

M 


sum of sensible enthalpy and chemical energy at temperature 
T ; cal/mole 

sum of sensible enthalpy and chemical energy per unit mass, 
— — ~ji > cal/g 

specific impulse with ambient and exit pressures equal, 

(lb force) (sec)/lb mass 

specific impulse in vacuum, (lb force) (sec)/lb mass 
coefficient of thermal conductivity, cal/(sec) (cm)(°K) 

Mach number 




molecular weight, / , g/g-mole or lb/lb-mole 

i 

characteristic-velocity exponent, <3 In c*/d In P c 


n I 


n ^vac 


nrp 


n 


e 


o/f 

p 

p 

Q 


specific-impulse exponent for fixed pressure ratio, 

In I \ 

VS In P c /p c /p 

specific-impulse in vacuum exponent for fixed pressure ratio, 
/ s In i vac \ 

\ S in P c / p c /p 


temperature exponent for fixed pressure ratio, 


area-ratio exponent for fixed pressure ratio, 




In T \ 

111 P c/P c /P 



oxidant-fuel weight ratio 

static pressure (sum of partial pressures), lb/sq in. abs 
partial pressure, lb/sq in. abs 
heat of formation or dissociation 



i-ao 
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R 

at 


s 


T 


V 


v 

w 

X 


r 
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equivalence ratio, ratio of two times the number of oxygen 
atoms to the number of hydrogen atoms, 2(0)/(H) 

universal gas constant (consistent units) 

entropy at a pressure of 1 atmosphere, cal/ (mole ) (°K) 

Yj *iK>l - *ln( Pl /l4.696)] 

i 

entropy per unit mass, ^ } 

cal/ (g) (°K) 
temperature °K 

reduced temperature for viscosity calculations (temperature 
divided by force constant (e/lO, kT/e 

velocity, ft/sec 

specific volume 

mass-flow rate, lb/sec 

mole fraction 

. (* In 

isentropic exponent, ^ in“pj 

s 

correction term for polarity for viscosity calculations 


ratio of nozzle area to throat area 
force constant for viscosity calculation 
absolute viscosity, g/(cm)(sec) or poises 
density, lb/cu in. 

collision diameter for viscosity calculation 


Q( 2,2) function of T 

Subscripts : 

c combustion chamber 


e 


nozzle exit 
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i product of combustion 

in injector 

p constant pressure 

P c /P constant pressure ratio 

s constant entropy 

T constant temperature 

t nozzle throat 

1 reference point 

Superscript : 

o thermodynamic standard reference state 


CALCULATION OF PERFORMANCE DATA 

Theoretical rocket performance data were obtained for liquid hydro- 
gen with liquid oxygen for four chamber pressures over a wide range of 
oxidant-fuel ratios and pressure ratios assuming both equilibrium and 
frozen composition during expansion. 

The computations were carried out by the method of reference 1 with 
modifications to adapt it for use with an IBM 650 Magnetic Drum Data- 
Processing Machine, with index accumulators, high-speed core, and 
floating-point attachments . The successive approximation process used 
in the calculations was continued until seven-figure accuracy was reached 
in the desired values of the assigned parameters (mass Balance, pressure, 
and enthalpy or entropy) . 


Assumptions 

The calculations were based on the following usual assumptions : 
perfect gas law, adiabatic combustion at constant pressure, isentropic 
expansion, no friction, homogeneous mixing, and one-dimensional flow. 

The products of combustion were assumed to be the following ideal gases: 
atomic hydrogen, H; hydrogen, HgJ water, HgO; atomic oxygen, 0; oxygen, 

0 2 ; and the hydroxyl radical, OH. 
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Initial Data 

Thermodynamic data . - The ideal gas thermodynamic properties for 
atomic hydrogen, hydrogen, atomic oxygen, and oxygen were taken from ref- 
erence 2. Data for water are also given in reference 2, however, the 
same data are given to more decimal places :.n reference 3, and therefore 
reference 3 data were used. The hydroxyl radical data were taken from 
reference 4. The values of entropy used in the present report do not 
include nuclear spin. 

Heats of formation or dissociation . - The heats of formation or dis- 
sociation for the molecules considered in this report are given in the 
following table: 


Reaction (all 
substances in 
gas phase) 

Heat of forma- 
tion or dis- 
sociation, (J 

Temper- 
ature 
of re- 
action, 
°K 

Refer- 

ence 

cm -1 

cal/mole 

Q + H 2 -*■ 2H 

36,116 

103,263 

0 

5 

Q + 0 2 -*• 20 

41,260 

117, 9 ''1 

0 

6 

H 2 + \ °2 - H 2° + Q 


57,797.9 

298.16 

7 

Q + OH -*• 0 + H 

35,450 

101,359 

0 

8 


Where values are given in centimeter -1 , they are converted by taking 1 

centimeter -1 equivalent to 2.85921 calories per mole, calculated from 
data given in reference 9. The base used in this report for assigning 
absolute values to enthalpy is the same as in reference 1. 

Viscosity data . - Viscosity data are needed for heat-transfer calcu- 
lations; however, accurate data for gases a', high temperatures are un- 
available in the literature. Theoretical considerations of force fields 
lead to theoretical expressions for viscosity that fit available experi- 
mental data fairly well and therefore provide a basis upon which experi- 
mental data may be extrapolated into the higher temperature regions. 

A detailed treatment of the derivation of various theoretical equa- 
tions for viscosity is given in references 1.0 and 11. The use of these 
equations to obtain a refined numerical calculation of viscosity involves 
the selection of a force-field potential and considerable numerical work. 
Much of this numerical work can be saved by using tables of collision 
integrals such as those based on the Lennart l- Jones 6-12 potential and the 
following equation (ref. ll ) 2 




7 


nxio 7 


266.93y£SPf fW 


( 1 ) 


The parameters q( 2,2)* an ^ f(jk) f 0r n0 npolar gases are tabulated in 
reference 11 as a function of reduced temperature T* while 
for polar gases (f^) assumed to be unity) is tabulated in reference 12 
as a function of T* and 5. 


The force constants e/k and a for H 2 , 0%, and H and e/k, 
and 5 for HgO were calculated from experimental viscosity data* No 

experimental viscosity data were found for 0 and OH. The value of a 
for 0 was estimated from equations in reference 13, and the value of 
e/k was taken to he equal to that of Og • The values of a and e/k 

for OH were estimated from the following equations: 


a 0H 


a 0 2 + % 


( 2 ) 


( € /k) oh “ v r i 7^)^r i 7^ ^ 

The force constants selected are summarized in the following table 


Sub- 

stance 

a, 

£ 

e/k, 

°K 

5 

Refer- 

ence 

H 

2.497 

99.8 


• — i 

h 2 

2.729 

86.1 


a 2 

h 2 o 

ao 

126.3 

2*409 

a 15 

0 

3.068 

102.2 


b 13 

02 

3.490 

102.2 


a 2 

OH 

3.110 

93.8 


(c) 


a Galculated from data in refer- 
ence given. 

Estimated from equations in 
reference given and e/k as- 
sumed equal to that of 02* 

c Estimated by means of equations 
(2) and (3) . 
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Physical and thermochemical data . - Several physical and thermo- 
chemical properties of the propellants are listed in table I. Additional 
properties of hydrogen may be found in references 16 and 17 while prop- 
erties of oxygen may be found in reference 18. 


FORMULAS 

The formulas used in computing the various performance parameters 
are as follows : 

Specific impulse with ambient and exit pressures equal, 

(lb force) (sec)/lb mass: 


■ Z9i - 98 ^^'- 


Specific impulse in vacuum, (lb force) (sec)^ lb mass: 

I vae = 1 + p (“) 

Nozzle area per unit mass-flow rate, (sq in ) (sec) /lb: 

A 86.4554 T 
w “ U/l 

Throat area per unit mass-flow rate, (sq in )(sec)/lb: 

A t 2781.6 T t 
~w” ~ F t^t a 


( 4 ) 


( 5 ) 


( 6 ) 


(?) 


This equation is derived from the continuity equation and the fact 
that velocity of flow equals velocity of sound at the throat. 

Velocity of sound, ft/sec: 

<8) 

Characteristic velocity, ft/sec: 


c* = g c p c V = 32 ' 174 Pc V 


( 9 ) 
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Coefficient of thrust; 


C-fi* = 


gel 32.174 I 


Ratio of nozzle area to throat area 


e 



( 10 ) 


( 11 ) 


Partial Derivatives * 

The derivatives of the fundamental thermodynamic quantities have 
many useful applications. Equations (24) to (27) are examples of these 
applications . 

All the relations between first derivatives may be expressed in 
terms of three arbitrary first derivatives in addition to the fundamental 
quantities. The three derivatives selected for this report are 
(Bh/c)T)p = Cp^ (b In *Jt [b In T)p, and (d In *J([b In P)rp. Specific heat 

Cp is needed in heat-transfer calculations and the other two derivatives 
are a useful indication of the extent of dissociation. 

These derivatives were obtained by means of the following equations: 



where (b In V±fb In T)p, (d In s/fb In T)p, and (b In V±/b In sf) T are 

found by matrix methods similar to those described for obtaining 

(b In P-^/S In T) s in reference 1, and where s/ is A in reference 1. 

Reference 19 presents a convenient scheme for expressing all first 
derivatives in terms of (dv/dT)p; (dv/dP)^ and (dh/c)T)p = Cp. By means 
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of the following equations , (Sv/S T)p and ( Iv/dP) rp can be obtained from 
the derivatives given in this report: 



With the aid of the tables in reference 19 and equations (15) and 
(16), other first derivatives can be expressed in terms of Cp, 

(d In J([b In T) p, and (d In Jt[b In P) iji . dome examples are, 
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Viscosity of Mixtures 

Viscosities of multicomponent mixtures calculated by rigorous methods 
(refs. 11 and 20} show excellent agreement with experimental data. How- 
ever, these calculations involve considerable effort and become increas- 
ingly more difficult with increasing number of components . Simpler tech- 
niques, but which still involve considerable calculations, are given in 
references 21 and 22. 

The following equation, based on averaging kinematic viscosities, 
gives approximate results, which are often sufficiently accurate for en- 
gineering purposes: 


M- = 


Jl 



( 22 ) 


The equation appears adequate until better high- temperature data for the 
individual components become available. 


Conductivity 

Thermal conductivities as well as viscosities are needed in heat- 
transfer calculations. However, experimental conductivity data are gen- 
erally even less available than experimental viscosity data. Therefore, 
the Eucken relation 

k ' t, (°p + f 5 ) (23) 

which often gives satisfactory values of conductivity for individual com- 
ponents , is used in this report to estimate the conductivity of gaseous 
mixtures . 


THEORETICAL PERFORMANCE DATA 
Tables 

The calculated values of the various performance parameters for com- 
bustion pressures of 60, 150, 300, and 600 pounds per square inch absolute 
and for a range of equivalence ratios and exit conditions are given in 
tables II to V. Table II presents performance data at assigned pressure 
ratios from 1 to 4000 for equivalence ratios from 0.15 to 5.00 (oxidant- 
fuel weight ratios from 1.190 to 39.683). Properties at the throat may 
he found where € = 1.00. Table III gives various thermodynamic partial 
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derivatives. Equilibrium composition in the combustion chamber and at 
the assigned exit conditions is given in table IV. Characteristic veloc- 
ity and summary of the performance parameters at an exit pressure of 1 
atmosphere are presented in table V. 


Curves 

The performance parameters are plotted in figures 1 to 8. Curves 
of specific impulse are presented in figure 1 for assigned pressure ratios 
as functions of percent by weight of fuel. Combustion temperature and 
exit temperature for assigned pressure ratios are plotted in figure 2 as 
functions of percent by weight of fuel. Curves of the ratio of nozzle 
area to throat area are plotted in figure 3 as functions of percent by 
weight of fuel for assigned pressure ratios. Figure 4 gives the curves 
for coefficient of thrust for assigned pressure ratios as functions of 
percent by weight of fuel; figure 5 presents curves of molecular weight 
for assigned pressure ratios; and figure 6 presents curves of character- 
istic velocity as functions of percent by weight of fuel. Figure 7 gives 
curves of specific impulse in vacuum for assigned area ratios as functions 
of percent by weight of fuel. The curves of figure 7 were obtained by 
interpolation of the data at assigned pressure ratios. 


Effect of Assuming Frozen or Equilibrium Composition During Expansion 

A comparison of specific impulse data based on equilibrium and fro- 
zen composition during expansion to an exit pressure of 1 atmosphere is 
given in figure 8. A comparison of maximum calculated values of specific 
impulse based on equilibrium and frozen composition during expansion is 
shown in the following table for expansion to 1 atmosphere and to pres- 
sure ratios of 100 and 4000 (taken from table II) : 
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Chamber 

pressure, 

p c> 

Ib/sq in. 
abs 

Pressure 

ratio, 

p c / p 

Equivalence 
ratio, R, 
at which I 
is maximum 

Oxidant - 
fuel 
weight 
ratio, 

o/f 

Composition 

during 

expansion 

Maximum 

specific 

impulse, 

, i, 

(lb) (sec) 
lb 

Differ- 
ence in 

I, 

percent 

60 

4.083 

0.35 

2.778 

Equilibrium 

255.4 

0.31 



.35 

2.778 

Frozen 

254.6 



100 

0.45 

3.571 

Equilibrium 

400.8 

1.67 



.40 

3.175 

Frozen 

394.2 



4000 

0.70 

5.556 

Equilibrium 

465.9 

3.81 



.40 

3.175 

Frozen 

448.8 


150 

10.207 

0.40 

3.175 

Equilibrium 

315.0 

0.61 



.35 

2.778 

Frozen 

313.1 



100 

0.50 

3.968 

Equilibrium 

401.3 

1.42 



.40 

3.175 

Frozen 

395.7 



4000 

0.70 

5.556 

Equilibrium 

466.6 

3.37 



.45 

3.571 

Frozen 

451.4 


300 

20.414 

0.45 

3.571 

Equilibrium 

348.1 

0.67 



.40 

3.175 

Frozen 

345.8 



100 

0.50 

3.968 

Equilibrium 

401.5 

1.24 



.40 

3.175 

Frozen 

396.6 



4000 

0.70 

5.556 

Equilibrium 

467.0 

3.02 



.45 

3.571 

Frozen 

453.3 


600 

40.827 

0.50 

3.968 

Equilibrium 

374.5 

0.73 



.40 

3.175 

Frozen 

371.8 



100 

0.50 

3.968 

Equilibrium 

401.7 

1.06 



.45 

3.571 

Frozen 

397.5 



4000 

0.70 

5.556 

Equilibrium 

467.4 

2.75 



.50 

3.968 

Frozen 

454.9 



The preceding table shows that for pressure ratios up to 100 , the 
difference in maximum specific impulse due to equilibrium or frozen com- 
position during expansion is less than 2 percent. For a pressure ratio 
of 4000 the difference increases to 3 to 4 percent. However, the maximum 
specific impulse occurs in general at a higher oxidant-fuel ratio o/f 
for equilibrium composition than for frozen composition. 

A comparison of values specific impulse for frozen and equilibrium 
composition at the same o/f auld show larger differences. For example, 
from data in table II, for amber pressure of 60 pounds per square inch 
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absolute, a pressure ratio of 4000, an o/F of 5.556 (where equilibrium 
specific impulse is maximum) the difference in specific impulse for fro- 
zen and equilibrium composition is 9.6 percent- For the same conditions 
but for the stoichiometric o/F of 7.937, the difference is 15.8 per- 
cent. This is the largest difference between frozen and equilibrium 
specific impulse at constant O/F for any of the conditions in this 
report • 

The o/F for maximum specific impulse increases with increasing 
pressure ratio. For fixed pressure ratios and frozen composition the 
o/F for maximum specific impulse increases with increasing chamber 
pressure . 


Effect of Chamber Pressure 


By use of suitable exponents, performance parameters can be estimated 
with good accuracy at chamber pressures other than those given in this 
report. The logarithmic values of the parameters I, I vac , T, e, and c 

are very nearly linear with the logarithm of chamber pressure for a fixed 
equivalence ratio and pressure ratio or fixed equivalence ratio and area 
ratio. This linearity permits the data to be extended by means of ex- 
ponential equations . 


In the case of equilibrium composition, the following analytic ex- 
pressions were derived that permit the exponents to be computed from 
data at a single chamber pressure: 



n e “ G In P c ) p /p “ ( n A/vh “ ( n AyOt 


(26) 


where 


n A/w = ( 


{ d In A/w\ 

9t [ 

/a in Jt\ 1 

in p c /p c /p 


'IclnT /pj 


" n I 


nc * = Tltir = 1 + (E Apt 


(27) 
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8 In I. 


vac 


l(nj - n c * - n e ) 


n T = l ^ : — =~ : ) . = — t + + n c 

c /P c /P 


^vac V 8 In F r 


L vac 


(28) 


Equations (24) to (28) may be written in the approximate form: 

n T i 


1 = 1 - 


© 


(29) 


T = T- 


fef‘ 


(30) 


€ = € 


■fer 


(31) 


* * 
c = Cl 




n c*,l 


(32) 


Ivac » 


n ^vac , 1 


(33) 


where P c ^p may either 60, 150, 300, or 600 pounds per square inch 
absolute provided that Ip, Tp, £p, c*, I v ac,l, and their derivatives are 
the corresponding values for the chamber pressure selected. 

The exponents obtained by means of equations (24) to (28) are shown 
in table III. 

In order to illustrate the use of these derivatives, suppose it is 
desired to obtain the value of equilibrium specific impulse for a chamber 
pressure of 1200 pounds per square inch absolute and a pressure ratio of 
81.65 (exit pressure, 1 atm) for an equivalence ratio R of 0.90 
(o/F = 7.143): From table III, the value of I at this pressure ratio 

and equivalence ratio (but for a chamber pressure of 600 lb/sq in. abs) 
is 376.8 and the value of np is 0.0079. From equation (29), 
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I = 376.8(1200)°- 0079 
\600 ) 

= 376.8(1.0055) 

= 378.9 

A comparison of the parameters obtained by means of the chamber-pressure 
correlation and by a direct calculation is given in the following table 
(R = 0.90, equilibrium composition during expansion): 


Parameter 

Chamber pressure, 
P G , 1200 lb/sq. i) 

Exit pressure, 

P, 1 atm 

i. abs; 

Estimated 
by corre- 
lation 

Direct 

calcu- 

lation 

Error 

i 

378.93 

378.86 

0.07 

T c 

3623.3 

3622.0 

1.3 

T e 

2338.4 

2338.6 

.2 

e 

11.769 

11.755 

.014 

* 

c 

7306 . 1 

7304 . 7 

1.4 


It is expected that values estimated for osher equivalence ratios 
and pressure ratios for chamber pressures from about 30 to 1200 pounds 
per square inch absolute will have small errors of the order of magnitude 
shown in the previous table . 

The following analytic expressions were derived for equilibrium com- 
position which permit exponents to be computed similar to those in equa- 
tions (24) to (28) but for constant area ratio rather than constant pres- 
sure ratio (eqs. 34, 37, 38, 40): 



( 34 ) 


E-189 
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where 


and 


where 




(35) 


(36) 


(37) 


(38) 


(39) 


(40) 


where 


d In Iyae ^ _ in e ) A 

’ d in P / s In P / s \ 



(41) 


Data for constant area ratios for chamber pressures other than those 
given in this report may be obtained in a manner similar to the previous 
example by interpolating the data in table II (see, for example, fig. 7) 
together with exponents obtained from equations (34) to (41) . 


Effect of Finite Chamber Area 

The use of a combustion chamber of finite cross-sectional area leads 
to a pressure change during the combustion process. For a cylindrical 
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chamber , the injector face pressure P in may be found from the following 
equation derived from the conservation of the momentum 

p in = P 1 + (V 1 ‘ V in> ^2) 

where Pp and Vp are the static pressure and velocity at the nozzle 
entrance, respectively, and Vp n is the average velocity of propellant 

(liquid or gas) in the axial direction when injected. Equation (42) may 
be written 

P in = p c (f^^^l^c “ (^3) 

where P c is the stagnation pressure in the nozzle. 

In order to illustrate this, consider a rocket operating at an 
equivalence ratio of 1.00, a nozzle stagnation pressure of 600 pounds per 
square inch absolute, a ratio of chamber ares to throat area e of 2.122, 
and Vp n = 100 feet per second. From table JI, corresponding to an area 

ratio of 2.122, P c /Pp is 1.05 and I is 43.3. From table V, c* is 
7039. Therefore, for these conditions, using equation (43), 

P ln = 600^) ♦ 7039(^122) K«.3)(32.17) - lOO] 

= 571.4 + 51.9 
= 623.3 lb/sq in. abs 


SUMMARY OF RESULTS 

A theoretical investigation of the performance of liquid hydrogen 
with liquid oxygen was made for the following conditions: (l) equilibri- 

um and frozen composition during expansion, (2) four chamber pressures 
(60, 150, 300, and 600 lb/sq in. abs), (3) wide range of oxidant-fuel 
weight ratios (1.190 to 39.683), and (4) wide range of pressure ratios 
(l to 4000) . 

1. The maximum values of specific impulse for expansion to 1 atmos- 
phere are summarized in the following table: 
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Chamber 

pressure, 

lb/sq in . 
abs 

Ratio of 
chamber 
pressure 
to exit 
pressure, 

P c/ P 

Specific impulse, I, 
(lb) (sec) /lb 

Equilibrium 

composition 

Frozen 

composition 

60 

4.083 

255.4 

254.6 

150 

10.207 

315.0 

313.1 

300 

20.414 

348.1 

345.8 

600 

40.827 

374.5 

371.8 


The maximum value of specific impulse for a chamber pressure of 600 
pounds per square inch absolute and a pressure ratio of 4000 is 467.4 
and 454.9 assuming equilibrium and frozen composition, respectively. 

2. The difference between maximum values of specific impulse due to 
the assumption of equilibrium or frozen composition during expansion is 
less than 2 percent for pressure ratios up to 100 and about 3 to 4 per- 
cent for a pressure ratio of 4000. 

3. For the same oxidant-fuel ratios, the difference between values 
of specific impulse due to the assumption of equilibrium or frozen com- 
position during expansion may be as high as 15.8 percent for the condi- 
tions in this report. 


Lewis Research Center 

National Aeronautics and Space Administration 
Cleveland, Ohio, March 2, 1959 
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TABLE I. - PROPERTIES OF LIQUID PROPELLANTS 


Properties 

Hydrogen 

Oxygen 

Molecular weighty 

2.016 

32.00 

Density, g/cc 

a 0.C709 (at 
-252.7° C) 

b 1.1414 (at 
-182.0° C) 

Freezing point, °C 

c -259 . 20 

c -218.76 

Boiling point, °C 

c -252 . 77 

c -182 .97 

Enthalpy required to convert 
liquid at boiling point to 
gaseous elements at 25° G, 
kcal/mole 

d l.E94 

d 3.081 

Enthalpy of vaporization, 
kcal/mole 

c 0.216 (at 
-252.77° C) 

C 1 .630 (at 
-182.97° C) 

Enthalpy of fusion, 
kcal/mole 

c 0.C28 (at 
-259.20° C) 

c 0 . 106 (at 
-218.76° C) 


a Ref . 23. 
b Ref . 24. 
c Ref . 7. 
d Ref . 1. 
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■JE II. - THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4C"'.KJ 

LIQUID HYDROGEN WITH LIQUID OXYGEN 

[Equivalence ratio, R; oxidant-fuel ratio, 0/F . ] 

(a) Combust ion -chamber pressure, 60 pounds per square inch absolute; equilibrium 
composition during isentropic expansion 


Pressure 
ratio , 
P e /P 

Static 

pressure, 

P, 

*>/»4 >o 


1.00 

60.00 

1.05 

57.14 

1.20 

50.00 

1.40 

42 ■ do 

1.60 

37.50 

1.87 

32.17 

2.00 

30*00 

4.00 

15.00 

4.0b 

14.70 i 

10.00 

6.00 

20.00 

3.00 

40. 00 

1.50 

100.00 

• 60 

200.00 

.30 

400.00 

.15 , 

1000*00 

• 06 

2000.00 

• 03 

4000. 00 

.02 


1.00 

60.00 

1.05 

57. 14 

1.20 

50.00 

1.40 

42.66 

1.60 

37.50 

1.85 

32.49 

2.00 

30.00 

; 4.00 

15.00 

4.08 

14.70 

10.00 

6.00 

20.00 

3*00 

40.00 

i • 5 0 

+00.00 

• 60 

1 200*00 

• 30 

400.00 

.13 

1000.00 

.06 

2000.00 

.03 

4000.00 

• 02 

r 

1.00 

60*00 


5313. faT 4.416 
!>2 a 7 . 7 4.41b 

5216.6 4.416 

6141.6 4.41b 

5077.7 4,416 

3006*8 4.416 

4976.4 4.4ib 

4693.4 4.416 

4663.6 4.41b 

4392.5 4.416 

4209*8 4.416 

4056.9 4.416 

3B99.Q 4.416 

3602.6 4.416 

3723.2 4.416 

3640.1 4,41b 

3590-9 4.416 

3561*2 4.416 


2969.7 [ 5.216 

2941.7 3.216 

2666.6 5.216 

2763.1 5. *16 

2713.2 3.216 

2640.5 5.216 

2601.1 5.216 

2290*0 6.216 

2281.6 5.2 16 

1954.3 i 6.216 

1746.6 I 5.216 

1 3 7 o . 0 6»2lb 


1096.9 | 3* * 1 6 

1041.1 i 3. i io 
993*9 5.216 


Isentropic 

Specific 

heat, 

Viscos- 

'•X 

exponent, 

A/ 

Y 

C P, 

cd/igK :, K 1 ' 

micro 

poises 

), Pt^ct^T fuEl 

= 45.6 

1.3395 

1.7753 

314 

! 1.3406 

1.7711 

3U 

1.3436 

1.759/ 

8 0 

1.346V 

1.74/2 

*93 

. 1.3497 

1.7369 

*85 

1 • 35*7 

1.7257 

* 7b 

1.3540 

1.7*10 

*7* 

1.3651 

1 .68*6 

*34 

1.3654 

1.6610 

* 3* 

1.3748 

1.650/ 

18o 

1.3b00 

1.6343 

159 

1.38*4 

1.6*60 

133 

1 • 3BoC 

1.6099 

104 

1.3930 

1.5951 

85 

1.4064 

1.5573 

?0 

1.4339 

1 .48 71 

55 

1.4544 

1.4402 

45 

; 1.466Q 

1,41 16 

36 


1.3077 1.6194 
1.30*>6 1.614V 
1.3119 i.bOcb 
1.3134 1.6ovi 
1.3164 1.5774 
1.3217 1.5663 
1.3235 1.5565 
1*3391 ■ 1 .5046 


1 .3539 1.4316 

1 . 3-36 1 .4232 

1.3714 | 1.4067 

j . 37 7o 1.35 lb 
i • 36 1 1 i . 300 / 

1.363V 1 « 3061 

i.3973 1.3a9a • 

1*4 i*»o 1 . 29 V4 ■ 
1,433* 1.2564 I 



b • 01 6 1.2824 1.5036 

b.0l6 1.2655 1.4696 

6.016 1.2669 1 .4 751 I 

6.016 1.2919 1.4630 

b.016 1.2946 1.4513 

6*016 1.29ott 1.4436 

6.016 1.3125 1.36/5 

b . 0 1 6 1.31*9 1.3660 

6.016 1.33*9 1.3226 

6.016 1.3461 i*2 646 

6.016 1.3569 1.2539 

6.016 1.3663 1.23*1 

6.016 1.3717 1.2190 

6 . 0 1 6 1.3/55 1.2100 

6.0lb 1,30*3 1.1943 

O.Qio 1.3600 1.1O03 

6.016 1.4037 1.140/ 


1.2550 1.457B 

1.2 564 1.4493 

1.2-02 1.4276 

1.2644 1.4052 

1.26/9 1.3879 

1.2711 1.3729 

1.2/54 I 1 • 30*3 

1.26*0 I 1-iOOo 


b . 6 1 6 1 • 1 • * J J 7 

O.oib 1. 3*40 I 1. lovi 
o.olo 1.350*+ ! i.i331 

6.81b : 1 • 3 3 3 Q i.li/4 

b.blb j 1.5004 • 1.100b 
6.616 ! 1.366/ ; 1.086/ 

b.olb I 1.3 /2a j i .0 ^5 ' 

6 , 0 1 6 1.3/73 i .0643 j 

0.dl6 1.36 Ji ! 1 .05*6 I 



Specific 

r 1 

Area 

Thrust 

Specific , 

number 


ratio, 

oefftcient. 

impulse 

M 

!lhS(VKh/lb 

t 

1 

C f 1 

Ibn— ci/;lb. 

= 1*190 





0.000 



0*000 

0 - 0 i 

■ 271: 

530. 1 

2.250 

• 210 

47*4 

.527 

334,2 

1.297 

.403 

90*3 

. 722 

296.1 

1.081 

.543 

122.2 

.860 

286.6 

1.018 

.636 

143,2 

i .000 

*84.1 

1.000 

. 723 

163.4 

1.059 

*84.4 

1*00-3 

. 761 

171.3 

1.566 

301.7 

1.233 

1.031 

232.3 

1.379 

3Q2.3 

1.244 

1 « C 36 

*33.7 1 

2. 152 

32 7.5 

1.974 

1.257 

263. 1 

2. 586 

343 • 3 

2.983 

1.376 

309.9 

3.031 

336.4 

4.620 

1.467 

330*4 : 

' 3.646 

369.8 

8.432 

1.558 

350*8 ; 

4.14b 

377.7 

13.431 

1.610 

362.6 | 

4.6/5 

384.1 : 

21.488 | 

1.6 5* 

? 7 2 * 0 ' 

5.440 

390*8 

39.926 

1.6 94 

381.6 

6.098 

394.3 i 

63.572 

1.719 

38 7.2 

6.831 

397.3 

100*939 

1.739 

, 

391.6 

= 1.387 
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.2 74 

552.1 

2.233 

.209 

49.3 

.533 

348 .6 

1 .289 
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94.6 

.730 

309 . 3 

1.077 

.53V 

1*7.4 

.869 

299.6 

1 • 0 16 

.632 

14y.4 

1.000 

*97.3 

1.000 

. 716 

169.2 

1.068 

*97.8 

1.004 

.757 

179. 1 

1.372 

3 16.7 

1.244 

1.029 

243.2 

1.585 

317.4 

1.25b 

1.035 

*44.7 | 

2.148 

344.7 

2.009 

1.257 

297.2 ; 

2 . 5 73 

362.Q 

3.049 

1. 379 

323.9 

3.010 

37b .0 

4.739 

1.472 

348.0 

3.619 

390*3 

8 .6 7V 

1.365 

3 70*0 

4.111 

399.1 

1 3 . 8 7 0 

1.619 

362.7 j 

4 . bib 

4q6 • 1 

*2. 29b 

1 . b6* 

393.0 

• 5.394 

41 J .4 

41.979 

1. 7 06 

4 0 3 . 5 

6 • ul5 

417.7 1 

6 7 • 6 b 7 

i. 733 

409.7 

: 6.704 

421.1 ! 

108. 7 5 5 

1.7 54 

414.6 

= 1.984 
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0*000 

0*0 

.2 77 

563.4 

2.218 

.207 

30*3 

.538 

356 . 2 

1.263 

. 396 

96.6 

.736 

316.3 

1 . 0 7 5 

. 536 

130.1 

.876 

j 306 . 0 

1.015 

.6*9 

152.6 

i.000 

! 3Q4.3 

1.000 

• 7 C 5 

171.6 

1.076 

305.1 

1.005 

• 754 

183.1 

1.3/8 

i 325.5 

1 .*56 

1.026 

: 249 . 3 1 

1.392 

326.2 

1.268 

1.033 

*30*8 

2.147 

3 5 3.3 

2.048 

1.268 

303.6 1 

2.563 

37 3.7 

3.127 

1.382 

333.7 

2.987 

, 388.7 

4.863 

1.478 

359.0 

1 3.381 

4Q4 .2 

8.963 

1.674 

382.4 

*+.063 

4 i 3 .4 

| 14.396 

1.630 

393.9 

1 4.581 

4*0*9 

23.206 

i * 675 

406.6 | 

' 5.32/ 

4*8,7 

i 43.094 

1.7*1 

, 416.1 i 

5.945 

43 3,4 

1 7 1 • * / 9 

1. 749 

1 424.7 \ 

1 6.60b 

437 .2 

t 

115.850 

1.771 

4 jO • 2 i 

= 2* id. 

t 




1 [ O.OOC 



! 0.000 

0*0 

> 1 .*79 

368.2 

*.204 

• 206 

50-7 

. ; .543 

35 v ■ fa 

1.277 

.395 

9 7.4 

\ .742 

319. / 

1 • 0 7 0 

.533 

131.3 

) .883 

310.2 

i 1.013 

.625 

134. 1 

t 1.000 

300 • 3 

1.000 

. 700 

172.5 

1 i.ODi 

309.0 

1 .006 

. /5 i 

18 3*1 

► 1.383 

330* 3 

1.260 

A . 0 * 4 

*32.5 ; 

► 1.598 

331.3 

1.2 7o 

A 4 0 5 1 

*34. 1 

) *.146 

1 3fai. d 

* .065 

' i.259 

: 310-4 

1 ! * .5 55 

30 1 •* 

3 . * 0 7 

1.366 

341.6 

: 2.966 

3 9 7 • 0 

5.056 

1.486 

363.9 

> 3.543 

413.5 

9.32b 

1.364 

iyo.5 

1 4.013 

4*3.3 

14.995 

1.04* 

404.8 

5 4.316 

431 ,2 

*4.237 

1.689 

416.3 

7 5.246 

439 .6 

46.005 

1.738 

428.3 

+ 5.631 

444.6 

74.9*2 

1.766 

435.4 

L 6.5Q9 

448.7 

122.2q2 

1.79C 

44 i. 2 
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FOR 


LIQUID HYDROGEN WITH LIQUID )XYGEN 

[Equivalence ratio, R; oxidant-fue . ratio, O/F.] 

(a) Continued. Combustion-chamber pressure, 60 pounds per square inch absolute; 
equilibrium composition during isent ropic expansion 


Preiiore 

ralio, 

P c /f* 

Static 

preuure, 

P, 

Temp- 

erature, 

T, 

°K 

Enthalpy, 

h, 

«•/• 

Molecular 

weight, 

an 

f»en tropic 
exponent, 

y 

Specific 

heat, 

V 

cal/teH 0 K)* 

ViKOJ- 

"y. 

micro 

pCHWJ 

Thermal 

conductivity, 

k. 

Mach 

number 

M 

Specific 
impulse 
in vacuum, 

tibiiWib 

Area 

ratio, 

£ 

Thru»t 

coefficient, 

c f 1 

Specific 

impulie, 

l 




R 

* 0.350 

, percent fuel 

« 26.47, C/F 

■ 2.778 




1. 00 

— 

60*00 

2329 

6692.8 

7.597 

1.2267 

1.4697 

606 

0*00^10 

0.000 



0-000 

0*0 

1.03 

37,14 

2309 

6663.2 

7.599 

1 .2204 

1.4752 

605 

• 00 09 

.282 

566.4 

2.169 

.204 

50.7 

1.20 

30*00 

2253 

6763.6 

7.602 

1 .2330 

1.4362 

595 

•00-05 

.546 

360.3 

1.270 

.393 

97.5 

1.40 

42. db 

2109 

0694.1 

7.606 

1 . * 3o2 

1.3999 

583 

*00-01 

.749 

320.7 

1.067 

.530 

131.5 

1.60 

37.30 

2133 

6616.7 

7.606 

1.2425 

1.3707 

375 

• Q0( 96 

.890 

311.4 

1.012 

.622 

154.4 

1.60 

33.32 

2065 

6553.6 

7.610 

1.2462 

1 . 3475 

566 

• 00C 95 

1.000 

309.7 

1.000 

.692 

171.8 

2.00 

30.00 

2042 

8497.1 

7.611 

1.2494 

L. 3269 

559 

• 0 OC * 2 

1.090 

310.6 

1.007 

. 747 

185.6 

4.00 

13.00 

1772 

6152.4 

7.615 

1,2679 

1.2391 

3q6 

« 00C79 

1.569 

333.1 

1.277 

1.022 

253.8 

4.0b 

14.70 

1764 

6143.0 

7.615 

1.2664 

1.2371 

504 

.00079 

1.603 

333.8 

1.289 

1.029 

255.4 

10.00 

6.00 

1432 

7766.0 

7.616 

1 .2662 

1 . 1665 

434 

.00065 

2.147 

365.5 

2.121 

1.260 

312.8 

20.00 

3.00 

1239 

752b. 0 

7. bib 

1.3035 

1 . 1*06 

381 

•00055 

2.548 

365.8 

3.265 

1.389 

345.Q 

40. 00 

1.30 

1051 

7316.3 

7. bib 

1.3167 

1.0795 

330 

• 0 0046 

2.951 

402.4 

5.194 

1.491 

370.1 

100.00 

• bO 

636 

7093.2 

7.616 

1.3364 

1 .0366 

*66 

•00036 

3.509 

419.6 

9.667 

1.594 

395.7 

200.00 

.30 

703 

6954.1 

7.61b 

1.3474 

1.0120 

22b 

•00030 

3.962 

430.1 

15.643 

1.654 

410.7 

-400.00 

• 13 

567 

6637.6 

7. bib 

1.353* 

.9934 

189 

.00025 

4.451 

438.6 

25.377 

1.703 

422.9 

1000.00 

.06 

460 

6713*2 

7. bib 

1 .3634 

.9790 

146 

• 00C 19 

5.159 

447.5 

40.339 

1.754 

435.5 

2000.00 

.03 

362 

6637.2 

7 . b 1 b 

1 .3363 

.9694 

121 

• 00( 16 

5.746 

452.8 

78.934 

1.784 

443.Q 

4000*00 

• 02 

317 

6574,1 

7.61b 

1.3733 

.9600 

98 

• 00( 13 

6.389 

457.2 

129.082 

1.60* 

449.2 




R 

= 0.400 

♦ PERCENT FUEL 

= 23.95. . /F 

« 3.175 




1.00 

60*00 

2531 

6050.5 

8.363 

1.1996 

1.6075 

656 

0.00-25 

0*000 



0.000 

0*0 

1.03 

37.14 

2512 

6021.3 

o. 36b 

1.2011 

1.5670 

653 

.00:23 

.286 

565.1 

2.173 

.*oJ 

5o • 4 

1.20 

30.00 

2436 

7942.5 

6.374 

1. 20?5 

1.5334 

b4 5 

• 00 lb 

.554 

358.7 

1.263 

.390 

96.9 

1.40 

42.66 

23Tb 

7o5i,d 

a. 383 

1.2107 

1.4756 

635 

.00-13 

.756 

319.7 

1.063 

.526 

130-8 

1.60 

37.30 

*342 

77 7b. o 

0. 309 

1.2153 

1.4300 

626 

•00-0« 

• 896 

310*6 

i.oio 

.616 

153- B 

1.7b 

33.62 

2296 

771o.o 

b. 393 

1 .*19* 

1 .3954 

619 

.00- 05 

1.000 

3Q9.2 

1.000 

*683 

169.9 

2.00 

30*00 

22 52 

7657.4 

6.39 7 

1.2232 

1.3620 

611 

•00:0l 

1.096 

310*3 

1.008 

.744 

164.9 

4.00 

13.00 

1976 

7311.0 

6.411 

1.2436 

1.2147 

561 

• 00< 85 

1.594 

333.6 

1.269 

1.020 

253.7 

4.0b 

14.70 

1970 

7301.4 

8.41 1 

1.2464 

1.2116 

559 

• 00C 84 

1.607 

334.6 

1.302 

1.027 

255.3 

| 10.00 

6.00 

1 b4 0 

b920.2 

6.41b 

1.2669 

1.1161 

490 

•00069 

2.145 

367.3 

2.160 

1.261 

313.6 

20.00 

3.00 

1411 

b6 70.9 

6. 41b 

1.2639 

1.0681 

435 

• 00C 59 

2.540 

388.3 

3.365 

1.393 

346.5 

40.00 

1.30 

1207 

6457.0 

8.416 

1.2990 

1.0259 

381 

• 00C 50 

2.934 

405.7 

5.356 

1.497 

372.4 

100.00 

.60 

972 

6222.0 

8.41b 

1.3l6b 

.9772 

313 

• 00(40 

3.476 

423.9 

10*066 

1.604 

398.9 

200.00 

• 30 

820 

6075.6 

6.41b 

1.3316 

.9461 

266 

• 00( 33 

3.914 

434.9 

16.345 

1.667 

414.5 

i 400.00 

• 13 

669 

5952.4 

6.416 

1. 342b 

.9252 

224 

• 00( 27 

4.384 

443.8 

26.626 

1.718 

4 2 7.3 

1000*00 

.06 

543 

6819.7 

6.416 

1.3533 

.9041 

176 

• 00( 21 

5.068 

453.3 

50.955 

1.772 

440-6 

2000*00 1 

| *03 

| 453 

3736.3 j 

0 • 4 1 0 

1.3395 

.8930 

146 

• 00< 17 

5.640 

450.9 

83.4*1 

1.804 | 

446.5 

4000.00 

j .02 

377 

3670.6 

L 6.416 J 

1.364b 

.8 634 

119 

• 00< 14 

b . 2 6* 

463.6 



136.777 

L. .... J 

1*630 j 

455.1 




R 

= 0.450 

» PfcKCENT FUEL 

=» 21.87, L / F 

» 3.571 




l.oo 

60*00 

2696 

[7 354.5 

9.102 

1.1774 

1.7699 

696 

0*00- 44 

0-000 



0*000 

0*0 

1.03 

37.14 

; 2676 

! 7325,9 

9. 107 

1.1765 

1. 7649 

693 

.00-41 

.286 

559.4 

2.159 

.201 

49.9 

1.20 

30.00 

2626 

7246.6 

9.121 

1.1619 

1.6982 

686 

.00: 35 

.559 

355.5 

1.257 

.387 

96.0 

1.40 

42.66 

2570 

7161.4 

9.136 

1.1662 

1.6247 

677 

.00- 2 B 

.763 

317.2 

1.060 

.523 i 

129.6 

1.60 

37.30 

2519 

7067.6 

9. 146 

1.1901 

1.5642 

669 

• 00 23 

.9 0 5 

308.6 

1.009 

.615 j 

152.4 

1.77 

33.93 

2461 

7033.2 

9.156 

1.1932 

1.5208 

663 

• 00- 19 

1.000 

307.3 

1.000 

.675 ! 

167.2 

2.00 

30*00 

2434 

6967,6 

9. 164 

1.1972 

1.4702 

655 

• 00. 14 

1.107 

308.6 

i.oio 

.740 

163*5 

4.00 

13.00 

2167 

6622.5 

9.199 

1.2215 

1.2 44-0 

60* 

• 00< *2 

1.600 

333.1 

1.303 

UOl6 

252.4 

4.0b 

14.70 

2159 

6613.0 

9. 199 

1.2222 

1.2 369 

b06 

.00(*2 

1.613 

333.9 

1.316 

1.025 i 

254.0 

10*00 

6.00 

16*2 

6226.5 

9.214 

1.2496 

1.0671 

341 

• 001 73 

2.141 

367.6 

2.204 

1.263 

313.0 

20.00 

3.00 

1561 

3974.4 

9.21b 

1.2036 

1 *0*62 

46 b 

•GOO 63 

2.5 29 

369.3 

3.454 

1.396 

346.5 

40*00 

1.30 

1362 

5754.8 

9.216 

1.2606 

.9643 

431 

• OOi 54 

2.V16 

*07*3 

5.529 

1. 5o6 

373.1 

100.00 

.60 

1109 

5511.3 

9.216 

1.3004 

.9335 

360 

• 00< 43 

3.444 

426.4 

10.479 

1.616 ! 

400*5 

200*00 

.30 

942 

3356.4 

9.216 

1.3146 

.9005 

50* 

• 00( 36 

3.667 

438.0 

17.1o7 

1.682 1 

416.8 

400.00 

.13 

796 

5226.6 

| 9.216 

1.3278 

.8733 

262 

• OOi 30 

4.320 

447.4 

26.011 

1.735 ! 

430*1 

1000*00 

.06 

632 

5066.3 

] 9.216 

1.3413 

.8469 

20« 

. 00* 2 3 

4.979 

457.4 

53.887 

1.792 

444.1 

2000.00 

.03 

529 

500U7 

9.216 

1.3500 

.8317 

173 

• oo< 1* 

5.526 

463,4 

88.516 

1.626 

452.5 

4000.00 

• 02 

441 

s 4929.4 

9.216 

1.3561 

,8212 

143 

. OOt 16 

6.130 

468.4 

145.512 

1.854 

459.4 




R 

= 0*500 

, PEkCENT FUEL 

= 20* 12, l /F 

= 3.968 




] 1*00 

60*00 

! 2626 

6769.6 

9.611 

1.1603 

2*0170 

72B 

0*00 65 

0*000 



[ 0*000 

0*0 

1.03 

37.14 

| 2611 

6741.6 

9.619 

1.1613 

1.9691 

725 

.00 63 

.290 

552.0 

2.147 

• 2 00 

49.2 

1.20 

30*00 

1 2765 

b666 . 3 

9.039 

1.163b 

1.9136 

719 

• 00 56 

.563 

351.2 

1.251 

.385 

94.7 

1.40 

42. bb 

! 2711 

6361.4 

9.661 

1 • 1 bb 7 

1.8287 

711 

.00 4b 

,769 

313.7 

1.067 

1 .520 

126.0 

1.60 

37.50 

2664 

6509.1 

9.879 

1.1695 

1.7571 

704 

.00 41 

.912 

305.4 

l.ooe 

; .612 

150.6 

1.76 

34.19 

. 2632 

6459.9 

9.690 

1.1717 

1.7087 

699 

• 00 37 

1.000 

3Q4.3 

1.000 

3 .668 

164.2 

2.00 

30.00 

2505 

6391.4 

9.906 

1.1750 

1.6426 

69* 

.00 31 

1.1141 305.6 

1.012 

! .738 

161.4 

4.00 

15.00 

2335 

6050.4 

9.969 

1.1964 

1.3401 

651 

.00 03 

1.607 

331.1 

1.317 

« 1.017 

250.2 

4.06 

14.70 

2327 

6040*9 

9.970 

1.1971 

1.3326 

650 

*00 03 

1.62o 

332.0 

1.331 

j 1.024 

251.8 

10*00 

6.00 

1996 

5653.6 

10.006 

1.2265 

1.0*3* 

386 

• OOi 79 

2.139 

366.7 

2.252 

1.26b 

311.3 

20*00 

3.00 

1746 

3396.4 

10*014 

1.2461 

1.0066 

533 

• 00' 67 

2.517 , 369.1 

3.552 

1.403 

345.4 

40.00 

1.50 

1516 

3174.1 

10*016 

1.2634 

.93*3 

479 

.00 58 

; *.696 

407.8 

| 5.719 

1.515 

; 372.6 

100*00 

• 60 

• 1247 

4923.4 

10*016 

1.2627 

.9003 

406 

■ 00 47 

3.411 

427.7 

10.920 

1.630 

400-8 

200.00 

• 30 

1067 

4764,5 

10*016 

1.2976 

.6650 

35* 

.00 39 

3.821 

439,7 

17,932 

1.698 

417.7 

400.00 

.13 

907 

4629.0 

10*016 

1.3116 

.8347 

302 

.00 33 

4.258 

449.7 

29.520 

1.755 

431.6 

■ 1000.00 

• 06 

727 

4461.0 

10.016 

1.3265 

.8023 

242 

• 00 25 

4.889 

460.3 

57,146 

1.615 

446.3 

. 2000.00 

.03 

611 

4369.2 

10.016 

l . 3363 

. 7648 

203 

• 00 21 

5.418 

466.7 

94.226 

1.851 

455. 1 

4000.00 

.02 

512 

4312.2 

10.016 

1.34b9 

.77 0 3 

- 166 

• 0 0' 17 

5.994 

472.0 

155.405 

1.080 

462.4 
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FOR 


LIQUID HYDROGEN WITH LIQUID OXYGEN 

[Equivalence ratio, R; oxidant-fuel ratio, O/F.J 

(a) Continued. Combustion-chamber pressure, 60 pounds per square inch absolute; 
equilibrium composition during isentropic expansion 


Pressure 

rotio, 

P c /P 

Slotic 

pressure, 

P, 

lb/ *q in. 
obi 

Temp 
| erature 
T, 

Enthalpy, 

h, 

toi/e 

| Molecular 
weight. 

Isentropic 
1 exponent, 

7 

Specific 

heat, 

c p. 

Mi/io'irKf 

| Viscos- 

"Y. 

micro 

poises 

Thermal 

conductivity 

k, 

Col/jMCirtlltl" 

Mach 

number 

M 

Specific 
impulse 
in vocuum 

I w 

( lb JjMC; /lb 

Area 

ratio. 

e 

Thrust 

coefficient 

C f 

impulse. 

X 

ilb i. mc: /ilb i 





‘ 0.600* percent fuel 

* 17. 

35 1 O/F 

* 4.762 



1.00 

60*00 

3013 

56*1.6 

11.1*2 

1.1366 

2 .56* i 

Ill 

0*00216 

0*000 



0*000 

0*0 

1.03 

3 7.1* 

3001 

5613.* 

11.15* 

1.1369 

! 2.53*3 

773 

.002 1* 

.293 

333.2 

2.131 

.199 

*7.7 

1.20 

o 

o 

o 

2961 

57**, 6 

11.186 

1.1396 

i 4.4322 

769 

•00206 

.369 

3*1.0 

1.2*4 

.362 

91.9 

1 .*0 

*2.86 

291* 

5664*3 

11.221 

1.1*07 

2.3366 

76c 

♦00197 

.776 

305.0 

1.05* 

.317 

124.2 

1 .60 

37.30 

267* 

3396.0 

11.251 

1.1*19 

2.2736 

757 

.00169 

.921 

297.3 

1.006 

.609 

1*6.2 

1.7* 

3*. 33 

26*9 

; 5 3 5*. 3 

11.269 

1.1-2 7 

2.2223 

733 

.0016* 

1.UQ0 

29b.* 

1.000 

, 656 

138.0 

2.00 

30.00 

2607 

3*8* * 3 

' 11.299 

1.14*2 

2. 1330 

7*7 

•00176 

1.123 

298.1 

1 .014 

• 73* 

176. 3 

*.00 

13.00 

2593 

5156.9 

1 l.*29 

1.1333 

1 .721* 

713 

.00*39 

1.621 

• 5 

1.339 

1.016 

24*. 1 

*.08 

1*.70 

2386 

31*7,7 

1 1.432 

1.1538 

1.7099 

71* 

•00136 

1.63* 

323,4 

1.35* 

1.023 

2*5.7 

10.00 

6.00 

2299 

*768,9 

11.5*7 

1.1611 

1 .273b 

66 3 

•00099 

2.1*3 

3b 1 * 9 

2.3*6 

1,272 

30&.5 

2 0.00 

3.00 

2063 

*509.2 

11.593 

1.2o«>3 

1.0^27 

620 

*00079 

2.499 

385.7 

3. 762 

1.417 

3*0*5 

*0.00 

1.30 

1623 

*278.5 

11.610 

1.2290 

.9310 

369 

• 00o6 3 

2.85* 

*05-6 

6. 136 

1.533 

368.8 

100.00 

.60 

1329 

*016.0 

11.616 

1.2303 

.6331 

*96 

•00053 

3.3*1 

*27.1 

11.665 

1.659 

398.6 

200.00 

.30 

1326 

38*6.9 

11.616 

1.2o*7 

,8 1 76 

**o 

.000*5 

3,728 

**0.3 

19.729 

1.73* 

*16.6 

*00.00 

.13 

11** 

3700.6 

11.616 

1.279Q 

• 76*2 

363 

•00036 

*. 136 

*51.3 

32.84* 

i. 7 9 7 

*31.6 

1000.00 

• 06 

932 

3536.3 

11.616 

1.2961 

• 7**9 

317 

•00030 

4.719 

*63.2 

6*.* 75 

1.66* 

*47.7 

2000.00 

.03 

792 

3*36.3 

11.616 

1.3116 

• 7201 

269 

•00023 

5.2Q2 

*70.* 

107.316 

1.90* 

*57.5 

1 *000.00 

.02 

670 

33*9.6 

11.616 

1.323* 

.7001 

226 

*00021 

5.730 

*76.4 

176. *19 

1.938 

*63.6 





* 0-700. percent FUEL 

* 15-25. 0/F 

= 5.55 





1.00 

60.00 

3126 

5138.3 

12.360 

1.1266 

3. 1609 

611 

0*00273 

0*000 


0*000 

0*0 

1.08 

37.1* 

311* 

5113.6 

12.375 

1 . 12o6 

3.1336 

oo9 

• 002 7 C 

,2y5 

517.7 

2.122 

• 196 

*6.1 

1.20 

30*00 

3076 

50*7.5 

12.417 

1.126* 

3 • 06*6 

60 * 

•00262 

.372 

3 30*1 

1.2*0 

.381 

86.9 

l.*0 

*2.66 

3037 

*972.3 

12.46* 

1 . 126* 

2.9793 

796 

•0023* 

. 78q 

293,5 

1.061 

.315 

120*2 

1 . 60 

37.30 

3001 

*908.1 

12.50* 

1.1263 

2.9026 

793 

• 002*6 

.926 

468 • 4 

1.00 5 

• 60 7 

1*1.5 

1. 73 

3*. 73 

2961 

*671.9 

12.527 

1.1266 

2.6381 

790 

•002*1 

1-000 

26 7.4 

1.000 

.652 

132-2 

2.00 

30.00 

29*3 

*803.0 

12.370 

1.1266 

2.7096 

7a* 

*00453 

1.131 

£89.3 

1 • 0l5 

.732 

170.8 

*-00 

13.00 

2761 : 

**92.6 

12.762 

1.1301 

2 .3*62 

73o 

.00191 

1*630 

J15.9 

1.353 

i *0 16 

237.0 

*•06 

1*. 70 

2736 

**d*.0 

12.767 

1.1303 

2.3126 

737 

•00190 

1.6*3 

3 16.6 

1,369 

1.022 

236.6 ! 

10.00 1 

6.00 

2317 

*119.3 

14.9/3 

1.1*22 

1.7290 

719 

• 00 1 36 

2.151 

3 54.1 

2.41* 

1,2 76 

297.8 

20.00 

3.00 

2320 

3663,7 

13.09* 

1.1399 

1.3390 

663 

.00105 

2.498 

379.0 

3.9*3 

1.427 

333.0 

*0.00 

1.30 

2106 

3631.* 

13. 166 

1.16*7 

1.0539 

6** 

.00080 

2*826 

*00.3 

6.331 

1.5 52 

362.1 

100.00 

.60 

1813 

3360.7 

13.206 

1.2172 

• 6303 

579 

.00061 

3.272 

*23.5 

12.932 

1.685 

393.3 

200.00 

. 30 

1596 

3163.1 

13.213 

1.23*6 

. 79*2 

323 

*00052 

3.633 

*37.6 

21.699 

1.768 | 

*12.5 

*00.00 

.13 

1393 

3027.* 

13.216 

1.2*87 

. 7333 

*70 

.000*4 

*.013 

*49.9 

36.49* 

1. 6j7 ; 

*26.6 

1000.00 

.06 

1156 

2652.1 

13.216 

1.26/0 

.7136 

397 

.00036 

*.357 

*63.0 

72.660 

1 . V 1 1 

4*6-0 

2000.00 

.03 

996 

27*0. 1 

13.216 

1.261* 

.60*6 

3** 

•00030 

3.000 

*71 . 1 

122.229 

1. 938 

*36.6 

*000.00 : 

.02 

853 | 

26*3.9 

13.216 

1 .2?32 

.6396 

49* 

*00023 

3.481 

*77.9 

20 3.25* 

1.996 

*63.9 ; 




R 

= 0.800 

* PERCENT FUtL 

= 1 3 * 60 i J/F 

= 6-3*9 





1.00 

60.00 

3168 

*586.9 

13.470 

1.1207 

3.6135 

833 

0*00317 

0*000 



0*000 ! 

0*0 

1.08 

37.1* 

3175 

*56*. 0 

13.488 

1 .1205 

3.5976 

833 

.00313 

.296 

300.7 

2.117 

.197 

*4.6 

1.20 

30.00 

31*1 

*502.0 

13.536 

1.1199 

3.5327 

828 

•00309 

.573 

319.4 

1.238 

. 360 

66-0 

1 . *0 

*2.86 

3 1 Oi 

**31.5 

13.393 

1.1193 

i.*973 

823 

•00303 

.782 

2 86.0 

1 • 0 5 0 

.51* 

116.3 

1.60 

37.30 1 

3070 ! 

*371.3 

13.6*1 

1.1188 

3. *461 

0 18 

•00297 

.926 , 

279.0 

1.005 

.606 

137-0 

1.72 

3*. 83 ■ 

3082 

*3 36 » 7 

13.667 

1 « 1 1 06 

3 .*169 

813 

•00493 

1.000 

2 78.3 

l.OCO 

.650 

1*7.0 

2.00 

30.00 ' 

3016 

*272.7 I 

13.721 

1 « 1 1 o 1 

3.33** 

6 ] 0 

•00286 

1.13* | 

260. 3 

1 .0 lb 

.731 : 

163.3 

*.00 

13.00 

2653 

3960.7 j 

13.961 

1.1170 

) .0 1 o 1 

7t>6 

•00231 

1.633 j 

306.6 

1.361 

1.015 ; 

229.7 

*. 06 

1* • 7 0 | 

2 0*8 

3972.* ! 

13.966 

1.1170 

3.0070 

783 

•00250 

i • 6*8 

30 / » 5 

1.3/6 

1.022 

231.2 

10.00 

6.00 

26*5 

3623.9 

14.23* 

1.1190 

2.4611 

7 3* 

.00199 

4. 138 : 

3*4.6 

2 .433 

1.2 76 

289.2 

20.00 

3.00 

2*67 

3379.6 

14.430 

1. 1252 

1.9610 

727 

.00137 

2.3Q5 ; 

370.0 

4.060 

1.433 1 

324.1 1 

*0.00 | 

1.30 

2321 

3151.6 

14.611 

1. 1366 

1.306* 

696 

.00117 

2.826 

392.2 

6.6/3 

1.362 

353 • * 

100.00 

.60 

207* 

2876.6 

14.750 

1.1705 

1*03*0 

6*9 

.00076 

3 .232 

*1 /.I 

13.9*4 

1. 70* 

j 6 5 • 5 

200.00 

.30 

1668 

2695.0 

1*. 797 

1 .1962 

.8*17 

60* 

.00061 

3.3*8 

*32.6 

23. Z83 

1.79* 

*03.7 

*00.00 

.13 

1656 

2531.0 

14.812 

1.2191 

.7527 

332 

•00051 

3.89* 

4*5,8 

*0.*75 

1.8 70 

*■ 2 2 . 9 

1000.00 

.06 

1396 

23*3#* 

14.616 

1 ,2363 

.6975 

*79 

.000*1 

4.395 

*60.3 

81.660 : 

1.953 

*41.6 

2000.00 

.03 

1220 

2221.6 

14.816 

1.2513 

• 6676 

*2* 

•00035 

4.606 ; 

*69.8 

138.79* j 

2.006 

*33.6 

*000.00 

• 02 

1036 

2116.0 

14.816 

1.263* 

• 63y 3 

370 

•00030 

3.2*5 j 

*77.0 

235.55 5 

2.050 

*63.7 


R = 0.900* PERCENT FUEL * 12.28. O/F = 7.1*3 


1.00 

60.00 

3213 

*1*2.9 

14.479 

1.1162 

3.7566 

834 

0*00335 

0*000 



0.000 

0-0 

1.03 

37.1* 

3201 

*121.5 

14.499 

1.11 / 9 

3.7301 

o3Q 

.00333 

.2 96 

*84.9 

4 , 1 i 3 

.197 

*3.2 

1.20 

30.00 

3166 

*063.3 

14.533 

1.11 U 

3.7233 

8*3 

.00329 

.3 7* 

309.3 

1,436 

• 3co 

83.2 

1 • *0 

*2.66 

3lJi 

3997.2 

14.616 

1.1163 

3.6942 

840 

.00323 

.763 

4 77.1 

1.030 

.51* 

114.6 

1.60 

37.50 

3099 

39*0.7 

14.669 

1.1157 

3.6632 

633 

.00320 

.929 

4 70*3 

1.003 

. 6Cl> 

132.7 

1.72 

3*.69 

3082 

3910.6 

14.698 

1.1153 

3 . 0*8 7 

833 

.00518 

1.000 

469,7 

1.000 

,6*9 

1*2.2 

2.00 

30.00 

30*7 

36*6.1 

14.759 

1 . 1 1 *b 

3.6123 

62b 

.00313 

1.1 36 

471.6 

1.017 

.731 

160*2 

4.00 

16.00 

2692 

3573.5 

13,031 

1.1116 

3 .*12 / 

604 

.00288 

1.637 

49 / .3 

1.36* 

1.013 

224.6 

4.06 

14.70 

2686 

3565.7 

15.039 

1.1117 

3.4059 

80* 

•002b7 

1.630 

496.4 

1. 379 

1.024 

42*. 1 

10.00 

6.00 

2701 

3238.7 

15.377 

1.1095 

3.06*0 

77* 

*00230 

2.161 

33*.6 

2.470 

1.279 

480*3 

20.00 

3*00 

236* 

300**6 

15.625 

1.1Q93 

2.7326 

734 

•0021/ 

2 » 3q9 

339.6 

*.112 ; 

1.433 

314.7 

*0.00 

1.50 

4*29 • 

2786.4 

15.856 

1.1113 

2.3391 

728 

•00162 

4.832 

! 384,1 

7.032 

1.3b 7 

3*3.6 

100.00 

.60 

22*6 | 

2520.2 

16.12* 

| 1.1212 , 

I 1.7259 

695 

.00131 

3.23* 

*0 7.8 

14.621 

l./i* 

373.6 ; 

200.00 

.30 

2093 ! 

2333*5 

16.276 

l.i*03 : 

1.2*76 

06* 

.00093 

3.321 

*4*.6 

23,391 

1.6 09 

396.6 

*00.00 

.15 

1919 ' 

2166.1 

ib. 37q 

1.1721 

• HVOO 

023 

•0006O 

3 • 6 0 5 

*39.4 

*4.364 

1.394: 

*i*. 7 

1000.00 

. 06 

1660 : 

1967.2 

16.410 

1.2061 

.711* 

360 

•000*8 

4.233 

*35,4 

91.6/3 

1.963 

*33.1 

2000.00 

.03 j 

1*66 

1836.1 

16.415 

1.2236 

.6631 

307 

.000*1 j 

4.606 

*63.3 

1 5 7 » *03 ' 

4.0** 

*48. C 

*000.00 

.02 

1289 . 

1720.5 

1 b.*l b 

1.2367 

• 6325 

*34 

*00033 | 

3.010 

*73.9 

269,819 j 

2.Q9* 

*39.1 
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FOR 


LIQUID HYDROGEN WITH LIQUID C XYGEN 

(Equivalence ratio, R; oxidant-fuel ratio, 0/F.] 

(a) Continued. Combustion-chamber pressure, 60 pour ds per square inch absolute; 
equilibrium composition during isenti opic expansion 


Pressure 

ratio, 

p c /p 

Static 

pressure, 

?, 

Ib/min 

Temp- 

erature 

T, 

U K 

Enthalpy, 

h. 

cal/g 

Molecular 

TO 

Isenlroptc 

exponent, 

Y 

Specific 

heat, 

s. 

«*/ (gjt“Kl * 

Viscos- 

ity, 

* 

micro 

poises 

Thermal 
condur tixrity, 

k 

cot/twc ): *KMcb. 

Mach 

number 

M 

Specific 
impulse 
in vocuum, 

(lb Mice// lb 

Area 

ratio. 

e 

Thrust 

coefficient 

C f 

Specific 

impulse, 

1 

ifc)(«)/(lbi 5 





= 1.000, PERCENT FUEL 

* lie 

19, O/F 

= 7.937 




1.00 

60.00 

3217 

3777.9 

15.399 

1.1174 

3.6327 

064? 0*0(328 

0.000 



0*000 

0*01 

1.05 

57.14 

3205 

3757.7 

15.420 

1.1171 

3.6462 

062 

• 0< 32 7 

.296 

470.6 

2.115 

. 197 

41 . 9 

1.20 

50*00 

3173 

3702.9 

15.47b 

1 . Ilb3 

3 .60 73 

6 50 

• 0( 323 

.5 74 

300. * 

1.237 

.380 

80 ♦ B 

1*40 

42.86 

3136 

364Q.6 

15.545 

1.1154 

3.3839 

652 

• 0( 319 

.704 

260.9 

1.050 

.514 

109.3 

1.60 

37.50 

3104 

3507.4 

13.602 

1.1147 

3.3016 

047 

•0( 313 

.930 

262 ,4 

1.005 

.605 

120.7 

1.72 

34.91 

3 0*8 

3559.2 

I5.b33 

1.1143 

3.5493 

045 

•0( 313 

1.000 

261.7 

1.000 

.648 

137.9 

2.00 

30.00 

3053 

3500.2 

15.698 

1.1136 

3.5214 

040 

*0( 309 

1.136 

263.6 

1.017 

.730 

155.4 

4.00 

15.00 

2900 

3241.5 

15.990 

1.1104 

3.3683 

016 

* Ot 208 

1.637 

*00.6 

1.364 

1.Q15 

216.0 

4,08 

14.70 

2896 

3234.1 

15.990 

1.1103 

3.3631 

816 

• 0020 7 

1.650 

209.5 

1.380 

1.022 

217.5 

10.00 

6.00 

2713 

2925.7 

16. 36 3 

1.1074 

3.1047 

706 i • 0C2 56 

2.161 

324,9 

2.474 

1.280 

272.3 

20.00 

3.00 

2579 

2?0*.9 

16.634 

1,1060 

2.8627 

764 

• 0 C 2 3 0 

2.509 

349.4 

4.124 

1.436 

305.6 

40*00 

1.50 

2432 

2490.2 

16.894 

1.1037 

2.5602 

742 

• 0 C 2 0 3 

2.033 

371.3 

7.068 

1.568 

333. 7 

100.00 

.60 

2267 

2245.2 

17.213 

1.1075 

2. 1630 

711 

.00166 

3.237 

396.6 

14, 705 

1.716 

365.2 ^ 

200*00 

• 30 

2164 

2066.3 

17.431 

1.1115 

1.8012 

00 7 

• OC 130 

3.532 

413.5 

26.152 

1.813 

305.7 

400.00 

.15 

2037 

1*03.2 

1 7.624 

1.1167 

1.5363 

o6Q 

.00111 

3.820 

420.6 

46.510 

1.898 

403.9 

1000. 00 

.Oo 

165* 

1703.0 

i 7.626 

1,1309 

1.1390 

61* 

• 0 CO 7 9 

4.197 

446.1 

99,697 

1.997 

4*4.9 

2000.00 

• 03 

1710 

1365.5 

1 7,*2e 

1.1394 

.0* 74 

501 

•OCO0O 

4.407 

457.6 

176.636 

2.062 

438.0 

4000.00 

• 02 

154V 

1440.4 

17.965 

1.1 069 

.7318 

537 

-0C047 

4.790 

467.5 

310.311 

2.119 

451.0 




R 

= 1.500, PERCENT FUEL 

= 7.749. J/F 

=11.905 




1.00 

60.00 

3116 

2626. 1 

18.907 

1.1200 

2.2973 

889 

0.0C216 

o.ooo 



0.000 

0»0 

1.05 

57.14 

3103 

2610.2 

19.010 

1 . 1198 

2 .2809 

087 

• OC 2 1 4 

.296 

417,0 

2.117 

.197 

37.2 

1.20 

50.00 

3070 

2367.2 

19,07*. 

1 . 11*3 

2.23 74 

001 

•0C21O 

.574 

266.0 

1.238 

.380 

71.6 

1.40 

42.8 b 

3031 

2316.3 

19.147 

1. 1167 

2.22 lb 

075 

• OC 200 

. 703 

230.2 

1.0^0 

.514 

96,8 

1 .oO 

37.30 

2999 

24 7 6 . 6 

19.210 

1.1103 

2.1092 

069 

• OC 202 

.920 

232.4 

1.003 

. 605 

114. 1 

1.72 

34.ob 

*901 

2454.0 

19.244 

1. lloi 

2.1710 

06 7 

. OC 1*9 

1.000 

231.8 

1.000 

.650 

122.4 

2.00 

30.00 

2945 

2406 . 2 

19.313 

1.11/7 

4.1343 

Ob 1 

• OC 195 

1.134 

233.4 

1 • Q 1 6 

. 7 31 

137.7 

4.00 

13.00 

27 62 

2203 . 6 

19.623 

1 . ilo7 

1.9340 

033 

• OC 272 

1.635 

*55.4 

1,361 

1.013 

191.3 

4.00 

14*70 

2777 

219*.* 

19.632 

1 .1167 

1.9477 

032 

• 0 C 171 

1.640 

256.1 

1.377 

1.022 

192.6 

10.00 

6.00 

257b 

1959.5 

19.999 

l.llo3 

1.6500 

796 

• OC 14© 

2.158 

207.1 

2.454 

1.270 

240*8 

20.00 

3.00 

2421 

1766.5 

20*250 

1. 12*7 

1.37** 

76/ 

.00 U 3 

2.306 

300.3 

4.065 

1,433 

270.0 

40.00 

1.30 

2263 

1630.0 

20*463 

1.1317 

1.1283 

736 

» 0 C J 9 2 

2.830 

326.9 

6.896 

1.563 

294. 4 

100.00 

.60 

2040 

1439,4 

20*667 

1.153b 

.0544 

68e 

• OC 080 

3.230 

547.9 

14.098 

1.706 

321.3 

200.00 

• 30 

1656 

1309,6 

20. 733 

1 .1 784 

.6739 

645 

• 0 C 0 3 1 

3,545 

561.3 

24.259 

1.796 

338.4 

400.00 

.15 

1 664 

1193.0 

20*793 

1 • 2035 

.5/74 

5S*5 

• 00041 

3.070 

372.7 

41 .6q6 

1.679 

353.1 

1000.00 

.06 

1415 

1036.4 

20*810 

1 . 2 2o2 

• 5 130 

324 

•00133 

4.347 

503.2 

84,484 

1.961 

369. 3 

2000.00 

.03 

1240 

970.6 

20.012 

1.244 3 

• 40*0 

4b* 

• OC 32 9 

4.743 

395.1 

144.002 

2.013 

379.5 

4000.00 

• 02 

1060 

093*5 

20*013 

1.2536 

.46*0 

416 

• 00324 

5.173 

399.0 

245.36Q j 

2.061 

308.2 




H 

3 2.000 

, percent Fuel 

= 5.927, )/F 

=15.873 




1.00 

60*00 

2966 

, 2016.0 

21.453 

1.1264 

1.5209 

606 

0»0C 195 

0.000 



0*000 

0*0 

1.05 

37. 14 

2963 

2002.7 

21.476 

1.1263 

1.3098 

004 

• OC 194 

.295 

382.7 

2.122 

. 198 

34.1 

1.20 

! 30.00 

2917 

i 1966.4 

21.537 

1. 1264 

1.4 780 

b7b 

• OC 140 

.5 72 

244,0 

1.240 

. 381 

65.7 

1.40 

42.80 

2677 

1923,3 

21.606 

1.12&5 

1.4419 

070 

• OC 133 

.780 

210.4 

1.052 

.515 

88.8 

1.60 

37.50 

2641 

1890.2 

21.665 

1.1267 

1.40*1 

064 

-OC 132 

.926 

213.0 

1*005 

.607 

104.6 

1.73 

34.75 

; 2621 

1670,4 

2 1.6*8 

1.1268 

1.3901 

061 

• OC 129 

1.000 

212.4 

1.000 

.653 i 

112.6 

2.00 

30*00 

i 2703 . 

1032.8 

21.761 

1 , 1272 

1.3329 

034 

• OC 125 

1.131 

213.8 

1.015 

.732 | 

126.3 

4. 00 

15.00 

| 2604 j 

1665.4 

22.035 

1.1309 

1.1660 

021 

• OC 103 

1.630 

233.3 

1.353 

i.oi6 : 

175.2 

4. 06 

14.70 

i 2 5*> 

« b 5 0 . b 

22,043 

1.1310 

1.1632 

020 

• OC 103 

1.642 

234.2 

1.366 

1.022 : 

176.4 

10.00 

6.00 

i 2366 

1409.5 

22.533 

1 • 1444 

.9203 

774 

• OC )0O 

2.152 

261.7 

2.412 

1.276 

220.1 

20.00 

3.00 

2177 

1319.9 

22.4*6 

1.1 503 

.7501 

734 

• OC 383 

2.5Q0 

200*1 

3.941 

1.427 

246.1 

40.Q0 

1.50 

1976 

| 1192.9 

22.600 

l.loob 

.6 166 

609 

■ OC 3 3 0 

2.031 

293.9 

6.557 

1.352 

267.6 

100*00 

.60 

1 1706 

1044.7 

22.660 

1.2122 

.5100 

621 

• OC 330 

3.273 

313.1 

12.900 

1.665 

290*7 

200*00 

.30 

; 1505 

94 7.2 

22.673 

1.2306 

.4699 

566 

• OC 333 

3.629 

323.6 

21.822 

1. 766 

3q5»0 

400.00 

.13 : 

; I3i« 

061.6 

22.677 

1.245Q 

.4437 

510 

• 00 )2 0 

4.000 

332.0 

36.754 

1.0 38 

316.9 

1000.00 

• 06 

! 1095 

764.9 

22.677 

1 . 2040 

.4221 

438 

• OC 323 

4.546 

342.6 

73.335 

1.913 

329.9 

2000.00 

• 03 ! 

1 945 

: 703.1 

22.677 

1.2749 

.4064 

566 

.00 32 0 

4.986 

340.7 

123.637 

1.960 

338.0 

4000.00 ; 

.02 : 

| 012 

649.0 

22.677 

1.2004 

• 391b 

337 

• OC >17 

5.46Q 

333.0 

208.163 

1.999 

344.8 




R 

= 3.000 

, percent fuel 

3 4.Q31, 3/F 

■23.810 




1.00 

60*00 ; 

2655 | 

1301.4 

24.532 

1.1503 

0*0140 

051 

0*00 J 7 0 

0«000 



0*000 

0-0 

1. 05 

37.14 

2 64 0 

1370.9 

24. 3<4b 

1 . 1 3i0 

• 6040 

040 

• 00 1 77 

.292 

530.4 

2 • 1 4 o 

.199 

30-2 

1.20 

50.00 

259* 

1342.7 

24.5*1 

1.1529 

. 7 793 

040 

• 00 >74 

.366 

215.4 

1.240 

• 309 

50.1 

1.40 

42.6b 

2550 

1310*6 

24.636 

1.1354 

.7506 

031 

• 00 J 7 1 

.772 

192.3 

1.036 

• 519 

70.5 

1.60 

37.30 

2505 

1203.4 

24.676 

1,1579 

.7260 

022 

•00060 

.915 

187.5 

1.007 

.611 

92.3 

1.75 

34.33 

24 b 1 

1263*7 

24.700 

1.1596 

.7099 

016 

• 00 )66 

1.000 

186.9 

1.000 

.664 [ 

100*3 

2.00 

30.00 

243b 

1239.0 

24.733 

1.1644 

.6058 

8 00 

• 00 363 

1.110 

187.9 

1.013 

.736 i 

111.3 

4.00 

15.00 

2216 

1109.8 

24.076 

1.1009 

.5 739 

760 

• 00 351 

1.612 

203,8 

1.325 

1.017 ! 

153.7 

4.08 

14.70 

2209 

1106.2 

24. b79 

1.1813 

.5710 

759 

• 00 J 5 1 

1.623 

204.4 

1.339 

1*023 

154.8 

10.00 

6.00 

1915 

950.9 

24.972 

1.2107 

.4712 

690 

• 00 )39 

2.140 

226.3 

2.286 

1.260 

191.7 

20.00 

3.00 

1691 

059.6 

24,998 

1 .2309 

.42 77 

633 

• 00333 

2.312 

240,5 

3.629 

1.409 

213.1 

40.00 

1.30 

1460 

772.3 

25.006 

1.2463 

.4030 

375 

• 00 >29 

2.803 

252. 4 

5.077 

1.522 

230-2 

100*00 

.60 

1229 

673.9 

25.000 

1.2647 

.3840 

300 

• 00)24 

3.380 

263.2 

11.319 

1.641 

248. 1 

200.00 

.30 

1061 

611.0 

23.000 

1.2 749 

. 3ooo 

44b 

• 00 3 2 1 

3.78 7 

2 73.1 

10.732 

1.712 

25B.9 

400.00 

.13 

i 911 

556.7 

25.000 

1.2072 

.3361 

393 

• 00 >18 

4.207 

279.6 

31.103 

1.771 

? 6 7 • 9 

1000.00 

.06 

i 739 

496.b 

23.008 

1.3040 

.3403 

531 

• 00 >15 

4.005 

286.6 

60.907 

1.035 

*77. 4 

2000.00 

.03 

! 62 7 

459.3 

25.000 

1.3170 

.3293 

207 

• 00 >12 

5.300 

290*9 

101-211 

1.073 

203.3 

4000.00 

.02 

j 529 

427.5 

25.006 

1.3306 

.3190 

447 

• 00 Ho 

5.839 

294.5 

167.951 

1.90 = 

260.1 
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FOR 


LIQUID HYDROGEN WITH LIQUID OXYGEN 

[Equivalence ratio, R; oxidant-fuel ratio, O/F.j 

(a) Concluded. Combustion-chamber pressure, 60 pounds per square inch absolute; 
equilibrium composition during isentropic expansion 


Pressure 

ratio, 

P c /P 

Static 

pressure, 

P, 

lb/*qin. 

Obi 

Temp 

erature 

T, 

°K 

Enthalpy, 

h. 

cal/o 

Molecular 

weight, 

TO 

Isentropic 

exponent, 

y 

Specific 

heat, 

V 

coi/w’icr 

viscos- 

ity, 

A, 

micro 

poises 

Th f rmat i Mach 
conductivity, nu(nb#r 

k, m 

col /( we l(°K )(cml 

Specific 
impulse 
in vocuum, 

i;lb)>wci/ib 

Area 

ratio, 

£ 

Thrust 

coefficient 

c F 

Specific 

impulse 

1, 

; lb rfMK l /l lb i 





= 4.0001 PERCENT fuel 

* 3.05*. C/F 

=31.7*6 



1.00 

60.00 

23*7 

1054.4 

26.257 

1.1871 

0*5285 

798 

0*00050 

c«ooo 



0*000 

0*0 

1.05 

57.1* 

2330 

10*5.8 

26.265 

1.1865 

.5227 

795 

.000*9 

.287' 307.2 

2.165 

.20^ 

27.4 

1.20 

60.00 

2262 

1022.5 

2b. 266 

1.1925 

.3073 

78* 

.000*7 

.337 

195.1 

1.260 

.380 

52.7 

1.40 

*2.o6 

2226 

996.2 

26.307 

1.1972 

• 4906 

772 

.000*5 

.760 

174.0 

1.061 

.52* 

71.2 

1.60 

37.60 

2160 

974.0 

2b. 323 

1.2013 

.4772 

761 

.000** 

.9 0 2 

169.2 

1.009 

.616 

83.6 

1*78 

3,5.79 

21*3 

957.0 

2b. 33* 

1.20*6 

. *6 7* 

753 

.000*2 

1.000 

168.3 

1.000 

. 678 

92. 1 

2.00 

30*00 

2101 

937.9 

26.3*5 

1.206* 

• *369 

7*3 

.000*1 

1 .103 

169.1 

1.009 

. 7*2 

100*7 

*.0Q 

15.00 

18^6 

83*. 6 

26.367 

1.2292 

.4102 

683 

•00033 

1.399 

182.3 

1.297 

1.019 

138.3 

*. OH 

1*. 70 

1 o 5 1 

631.7 

26. 366 

1.2296 

.*092 

08 3 

•0003* 

1.612 

182.8 

1.311 

1*026 

139.2 

10*00 

6.00 

1556 

717.0 

26.403 

1*2303 

.3769 

606 

.00029 

2.1*6 

201.1 

2.192 

1.263 

171.3 

20*00 

3.00 

1 J5l 

6*1.3 

26.406 

1*2627 

.3619 

3*7 

•00023 

2.337 

212.9 

3.439 

1.397 

189.6 

40.00 

1.50 

1167 

575.7 

26.406 

1.2 7 38 

• 3501 

*91 

•00022 

2.926 

222.8 

5.518 

1.50* 

2q* * 1 

100.00 

.60 

95* 

502.6 

26.4Q6 

1.2393 

.335* 

*22 

•00013 

3.452 

233. 3 

10.50? 

1.615 

219. 1 

200.00 

*30 

815 

*56.7 

26. 40b 

1.3020 

.32*4 

372 

•0C016 

3.870 

239.7 

17.236 

1.681 

228.0 

400.00 

• 15 

692 

*17.5 

26. 4Q6 

1.3131 

.31*1 

3 26 

•00013 

*. 3 1* 

2*3.0 

28.338 

1.733 

235.4 

1000*00 

• 06 

553 

374.8 

26. *06 

1*3329 

.3013 

270 

•oooii 

4.931 

23 0 « 6 

54.8*2 

1.792 

2*3.2 

2000.00 

*03 

*6* 

3*8.3 

26**06 

1.3*36 

.2929 

232 

•00009 

3.*8* 

2 54.0 

9Q.278 : 

1.827 

2*7.9 

*000.00 

.02 

38 7 

326.2 

26.406 

1.3563 

.2865 

197 

•00008 

6.0 70 

256.8 

1*8.471 i 1.853 

251.7 




R 

■ 5.000 

. PERCENT FUEL 

= 2. *58, 0/F 

=39*683 




1.00 

60.00 

2062~~i 

r 855.0 ! 

27.299 

1.2226 

0 • *1 Q9 

7*0 

0*00037 

0*000 



0-000 

0*0 

1.05 

57.1* 

20** 

8*7.7 

27. 302 

1.22*2 

.*079 

736 

.00037 

.283 

282.2 

2.186 

. 20* 

25.2 : 

1.20 , 

| 50.00 

1995 

826.1 

27.309 

1.2260 

* * 00* 

72* 

•0003b 

.550 

178.9 

1.269 

.392 

*8.4 

1**0 

| 42.86 

1936 

806.0 

I 27.316 

1.2323 

. 3925 

710 

.0003* 

. 751 

159.3 

1.066 

. 529 

65.3 

1.60 

I 37.50 

1890 

787.4 

2 7.321 

1.2336 

.386* 

698 

•00033 

.892 

154.7 

1.011 

.621 

76.7 

1 .60 

33.40 

18*9 

771,7 

27.32* 

1.2367 

. 3 o 1 b 

668 

•00033 

1.000 

153.9 

1.000 

.690 

85. 1 

2*00 

30*00 

1811 

757.4 

27.327 

1.2414 

.3 / 73 

679 

•00032 

1.093 

154.3 

1.00 7 

. 7*7 

92-2 

*.00 

| 15*00 

157e 

672.1 

27.336 

1*2536 

.33 

617 

• 0 002 o 

1.39* 

io5 . 7 

1.282 

1*022 

126.2 

*•06 

14.70 

1571 

669.7 

2 / .336 

1*2300 

.33/3 

6l3 

•0002b 

i *bo7 

i 66 ♦ 1 

1.293 

1.029 

127.0 j 

10.00 

6.00 

130* 

576.3 

27.336 

1.2707 

.3*13 

339 

■000*3 

2.131 

182 .2 

2.1*3 

x.261 

335.7 

20.00 

3.00 

1122 

515.3 

27.339 

1.2813 

• 3309 

*6* 

•00020 

2.3*9 

192.6 

3.3*5 

1.393 

171.9 

*0.00 

1*50 

961 

*62.9 

27*339 

1.2928 

.3209 

*32 

•00018 

2.9*6 

20 1.2 

3.33* 

1.496 

184.7 

100.00 

.60 ■ 

776 

405.1 

27.339 

1.3094 

.3076 

367 

•00015 

3.486 

210.3 

10.072 

1.603 

197.8 

200.00 

.30 i 

659 

369.0 

27.339 

1.3227 

.2979 

321 

•00012 

3.918 

213.8 

16.410 

1.666 

205.6 

i *00.00 

.15 ! 

555 

336.5 

27.339 

1.3364 

, 2886 

279 

•0001 1 

*.379 

220.3 

26 . 8 x 0 

1.717 

212.0 

1000.00 

.06 

*36 

305.6 

27.339 

1*3536 

.2763 

230 

•00008 

3.0*7 

223.0 

31.370 

1.771 

2X8*6 

2000.00 

.03 

365 

285.* 

27.339 

1.3632 

• 2/ 28 

193 

•0000 7 

3.611 

2 27.8 

8*.029 

1.8o* 

22c. 6 

*000.00 

.02 

303 

266.6 

27.339 

1.3097 

.2693 

16* 

•000C6 

6.2 3* 

230*1 

137.326 

1.830 

225.9 
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FOR 

LIQUID HYDROGEN WITH LIQUID OXYGEN 

[Equivalence ratio, R; oxidant-fuel ratio, 0/F.] 

(b) Combustion-chamber pressure, 150 pounds per square inch absolute; equilibrium 
composition during isentropic expansion 


Pressure 

rotio, 

P c /P 

Static 

pressure. 

P, 

a*» 

Temp- 

erature, 

T. 

' 

Enthalpy, 

h. 

co»/9 

Molecular 
weight , 

an 

Jjen tropic 
exponent, 

y 

Specific 

heat, 

e p- 

cot/(BM D IO* 

viscos- 

ity, 

micro 

poises 

Thermal 

conductivity, 

k, 

cal/WlCKHae] 

Mach 

number 

M 

Specific 
impulse 
in vacuum, 
r *«. 

Area 

ratio, 

e 

Thrust 

coefficient, 

c F 

Specific j 
impulse, 

L 

itbjtwO/(tbi| 




fl 

* 0.150. PERCENT FUEL 

* 45.65* 0/F 

* 1.190 



.. j 

1*00 

150.00 

1183 

5313.5 

4.416 

1.3396 

1.7752 

314 

0.00073 

c.ooo 



0.000 

1 

0.0! 

1*05 

142.8b 

1168 

5267.7 

4,416 

1.34Q6 

1.7711 

311 

• 00 J7 3 

.271 

530.0 

2.250 

.210 

47.4 i 

1.20 

125.00 

1129 

5218.7 

4.416 

1.3436 

1,7597 

3 0 3 

.00070 

.527 

334.2 

1.297 

.4q3 

90.8 

1.40 

107.14 

1065 

5141.8 

4.416 

1.3469 

1.7473 

293 

•00066 

.722 

296.1 

1.061 

. 543 

122.2 

1.60 

93.75 

1049 

5077.7 

4.416 

1.3497 

1.7360 

285 

•00088 

• B60 

206.6 

1.018 

.636 

143.2 

1.87 

80.42 

1008 

5006.8 

4.41b 

1.3527 

1.7257 

276 

.00063 

1.000 

284.1 

1.000 

.725 

163.4 

2.00 

75.00 

969 

4975.4 

* • * 1 b 

1.3541 

1.7210 

272 

.00062 

1.059 

284.4 

1.003 

.761 

171.5 

4.00 

37.50 

824 

4693.4 

4.416 

1.3651 

1.6625 

234 

•00082 

1.566 

30U7 

1.233 

1.031 

232.3 

10.00 

15.00 

643 

4392.5 

4.41b 

1.3746 

1.6505 

166 

•00042 

2.152 

327.5 

1.974 

1.257 

283.1 

10.21 

14. 70 

639 

4386.6 

4.416 

1.3750 

1.6 5pl 

ie7 

.00041 

2 • 165 

326.1 

1.997 

1.261 

204.0 

2 0.00 

7.50 

532 

4209.0 

4.4 16 

1.3600 

1 .6 343 

1 59 

•00035 

2.3 06 

343.5 

2.962 

1.376 

3Q9.9 

40.00 

3.75 

439 

4056.9 

4.416 

1.3624 

1.6269 

133 

.00029 

3.031 

356.4 

4. 62 0 

1.467 

330.4 

100.00 

1.50 

340 

3699,0 

4.416 

1.3662 

1.6091 

104 

•00023 

3.648 

369. B 

6.432 

1.550 

350.8 

200.00 

• 75 

260 

3602.6 

4.416 

1.3923 

1.5971 

65 

.00016 

* . 149 

377.7 

13.431 

1.61Q 

362.6 

400.00 

.38 

230 

3723.2 

4.416 

1.4070 

1 .55^6 

70 

.00015 

4 .674 

364.1 

21.406 

1.652 

372.0 

1000.00 

• 15 

175 

3640.1 

4.416 

1.4350 

1.4645 

55 

•OOQll 

‘ .438 

390.6 

39.928 

1.694 

381.6 

2000.00 

.08 

142 

3590.9 

4.416 

1.4552 

1,4387 

45 

•00009 

t .096 

394.3 

63.572 

1.719 

?87.2 

4000.00 

.04 

j 114 

3551 .2 

4.416 

1.4710 

1.4054 

36 

•00007 

t .844 

397.3 

100.938 

1.739 

391.6 ! 




R 

* 0.200 

. PERCENT FUEL 

■ 38*65, 0/F 

« 1.587 




1.00 

150.00^ 

1514 

[ 2969.7 

5.216 

1.3078 

1.6191 

402 

0*00064 

C»000 



0.000 

0*0 

1.03 

142. 8b 

! 14*7 

1 2941.7 

5.21b 

1.3069 

1.6146 

399 

•00063 

.274 

552.1 

2,233 1 

• 209 

49.3 

1.20 

125.00 : 

; 1450 

j 2660.8 

5.216 

1.3119 

1*6028 

369 

.00001 

.533 

346.6 

1.269 

.400 

94.6 

1 .40 

107.14 

: 139b 

j 2763.1 

5.21b 

1.31 >4 

1.5009 

370 

.00070 

.730 

309.3 

1.077 

.539 

127.4 

1.60 

93.75 

[ 1354 

[ 2713.2 

5.216 

1.3165 

1.5773 

369 

.00076 

.669 

299.6 

1.016 

.632 

149.4 

1.B5 

81.24 

1307 

l 2640.5 

5.216 

1.3217 

1.5652 

359 

.00073 

1.000 

2 9 7.3 

1.000 , 

| .716 

169.2 

2.00 

75.00 

1262 

| 2601.1 

5.216 

1.3236 

1.5565 

353 

•00072 

1.068 

097.8 

1.004 

.757 

179.1 

4.00 

37.50 

1079 

i 2290.0 

5.216 

1.3391 

1.5045 

307 

•00001 

1.572 

316.7 

1.244 

1.029 

243.2 ! 

10.00 

15.00 

852 

1954.3 

5.216 

1.3558 

1.4516 

251 

.00048 

2 . 14B 

344.7 

1 2.009 

1.257 

297.2 

10.2 1 

14.70 

847 

1947,7 

5.216 

1 .3562 

1 .4506 

250 

•00046 

2.161 

345.3 

2.033 ! 

1.261 

; 298.2 

j 20.00 

7.50 

1 709 

1746.6 

5.216 

1.3655 

1.4232 

213 

•00040 

x .573 

362.Q 

3.049 

, 1.379 

i 325.9 

40.00 

3.75 

586 

1576.0 

5.216 

1.3714 

1.4067 

179 

•0003* 

2 * 0 1 0 

376.0 

*.739 

! 1.472 

348.0 

100.00 

1.50 

45b 

1396.3 

5.216 

1.3770 

1.3914 

142 

•00026 

; .619 

390.5 

0.679 

1.565 

370-0 

200.00 

• 75 

37V 

12Ub » 1 

5.216 

1.3611 

1 . 3o07 

11 i 

.00022 

4 .111 

399.1 

1 J » 6 7 0 

1.61V 

302.7 

400.00 

.38 

312 

1195.2 

5.216 

1 • 3661 

1.3677 

96 

•00010 

4 .638 

406.1 

22.2 95 

1.662 

393-0 

i 1000.00 

.15 

242 

1096.9 

5.216 

1.3972 

1.3402 

74 

•00013 

t .394 

413.4 

41.979 

1.706 

4 0 3.5 

2000.00 

.08 

196 

1041.1 

5.216 

1 . 4lo4 

1.2956 

61 

•oooii 

c .012 

417.7 

j 67.607 

1.733 

I 4Q9.7 

! 4000.00 

1— ■ 

.04 

161 

993.9 

5.216 

1.4344 

1.2560 

50 

.00009 

t .706 

421.1 

106.754 

J 1.754 

41*. 6 


R - 0.250* PERCENT fuel * 33*51. 0/F = 1*984 













! 0.000 


1*00 

150*00 

1816 

1249.3 

6.016 

1.2820 

1.5040 

461 

0.000^2 

C .000 


0-0 

1.05 

142.6b 

1797 

1220.2 

6.016 

1.2031 

1.4992 

477 

.00091 

.277 

563.4 

2.210 

.207 

50.3 

1.20 

125.00 

1745 

1142.1 

6*016 

1.2860 

1.4867 

467 

.00089 

.538 

356.2 

1.283 

.390 

96.6 

1.40 

107.1* 

1606 

1054.7 

6.016 

1.2893 

1.4730 

456 

•00086 

. 736 

316.3 

1.073 

.536 

130.1 

1 .60 

93.75 

1656 

901.5 

6.016 

1.2921 

1 .4616 

*46 

.00004 

.676 

306*6 

1 .015 

.629 

152.7 

1.63 

0 1.9b 

15d7 

910.0 

6*016 

1.2950 

1.4503 

436 

.00061 

1.000 

304.5 

3 .000 

. 708 

171.0 

2.00 

75.00 

1555 

863.9 

6.01b 

1.2970 

1 .4429 

429 

•00060 

i .076 

305*1 

1.005 

.75* 

103. 1 

4.00 

37.50 

1322 

535,1 

6.016 

1.3125 

1.3675 

370 

•00060 

1 .670 

325.5 

1.256 

1.027 

249.3 

10*00 

16.00 

1057 

176.1 

6.016 

1.3329 

1.3225 

314 

.00054 

X .147 

355. 3 

2 • J40 

1.258 

305.6 

10.21 

1**70 

1052 

169.0 

6.016 

1 .3333 

1.3213 

312 

•00054 

2*159 

355.9 

2.073 

1.262 

?06«6 

20.00 

7.50 

06 7 

9954,0 

6.016 

1 .3461 

1 .2047 

269 

.00046 

2 .363 

373.7 

3.127 

1.382 

335.7 

40.00 

3.75 

741 

9760.1 

6.016 

1.3569 

1.2559 

220 

.00036 

x ,987 

306.7 

4.88 3 

1.470 

359.0 

100.00 

1.50 

501 

9569.1 

6.016 

1.3663 

1.2320 

181 

.00030 

; .381 

404.2 

0.905 

1.5 74 

302.4 

200.00 

. 75 

402 

9*47.0 

6.016 

1.3717 

1.2190 

151 

.00025 

.064 

*13,4 

14.396 

1.63Q 

395.9 

400.00 

• 30 

399 

9347.3 

6.016 

1.3755 

1.2100 

125 

•00020 

* .582 

*20-9 

23.20 0 

1.675 

406.8 

1000.00 

• 15 

310 

9240.5 

6.016 

1.301V 

i • 1V53 

95 

•00013 

: .527 

*26. 7 

*3.094 

1. 7 22 

416.1 

2000.00 

*00 

2 56 

9173.9 

6.016 

1 . 3006 

1.1003 

70 

•00012 

i • 9*3 

* 3 3 •* 

71 .200 

1.7*9 

424.7 

4000.00 

.04 

210 

9122.7 

6.016 

1.4039 

1.1401 

64 

•oooio 

t .606 

*37.2 

113.631 

1.771 

4 30*2 




R 

* 0*300 

, percent fuel 

= 29.57. U/F 

« 2*381 




1.00 

150.00 

2092 ! 

f 9932. 7 

6.013 

1.2583 

1 .* 340 

550 

0.00099 

C-000 



0*000 

0.0 

1.05 

1*2. 0b 

2071 l 

9903.1 

6.014 

1 .2595 

1.4202 

547 

.00090 

.279 

36o . * 

2.205 

.206 

50*8 

1.20 : 

125.00 

2015 

9823.6 

! 6.014 

1 .2627 

1.4111 

537 

•00095 

.342 

359.7 

1.2 77 

.395 

97.5 

1.40 i 

iu7 . 14 

1951 

9734,4 

6.015 

1 .2663 

1.3931 

525 

•00092 

.742 

319.0 

i * Q7 o 

.333 

’ 131.4 

1.60 

93.75 

1097 

9659.5 

6.815 

1.2094 

1.3766 

515 

•00090 

.882 

310.3 

1.013 

.626 

134.2 

1.02 

62.58 

1 0 *6 

9590.3 

6.015 

1.2723 

1.3659 

505 

.00067 

1.000 

3Q0.3 

uooo 

. 700 

172.6 

2.00 

75.00 

1009 

9539.0 

6.016 

1.2744 

1.3567 

*90 

•00066 

i .082 

309.0 

1.006 

• 751 

105.1 - 

4.00 

37.50 

1533 

9199.0 

6. 0 1 6 

1.2092 

i .2999 

*43 

•00074 

i .305 

33Q.5 

1 • 266 

1.023 

232.5 ; 

10.00 

15.00 

12 56 

6025.* 

6. 0 1 6 

1.3095 

1.203 7 

5 73 

•00000 

X .1*0 

361.0 

2.060 

1.239 

310-4 

10.21 

14.70 

125 1 

0017,9 

6.01b 

1.3099 

1.2322 

5 7* 

.00060 

x .160 

362 ,* 

2 * 1 4 1 

; 1.26* 

311.3 

20.00 

7.50 

1064 

0591.3 

b.blb 

1.32*0 

1.1691 

325 

•00051 

X . 333 

301.2 

3.206 

: i.306 

341.7 

40.00 

3.75 

095 

8393.7 

6.016 

1.330* 

1.1551 

279 

.00042 

x . v6o 

3 9 7.0 

5.03 7 

; 1.403 

366.0 

: 100.00 

1.50 

706 

0160.4 

6. ol b 

1.3530 

1. ll 75 

223 

•00033 

. 3** 

* 1 3 . 5 

9.325 

| 1.304 

390.5 

1 200*00 

.75 

590 

8049. 7 

6.016 

1.3602 

1 . 1000 

167 

•00027 

4 .013 

423.3 

14.994 

1.642 

404.8 | 

400.00 

.30 

*90 

7940.9 

6.01b 

1.3 606 

1 .Q660 

i 5o 

.00023 

<■ .317 

431.2 

24.235 

1 1.609 

416.3 

1000.00 

.15 

i 303 

7e24.b 

6.016 

1.3724 

1.0 7*5 

120 

•00017 

3 .246 

439.6 

46.002 

1.730 1 

*20. 3 

2000.00 

.00 

317 

775*. 3 

6.616 

1.377b 

1.0637 

90 

•00014 

i .851 

444.6 

74.917 

1.767 ! 

435.4 

4000.00 

.04 

262 

7696.0 

6.016 

1.3027 

1.0533 

00 

•oooii 

t »3lQ 

4*0.7 

122.193 

! 1.790 

4*1.2 


1 ? 

I 


COT 
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FOR 

LIQUID HYDROGEN WITH LIQUID OXYGEN 

[Equivalence ratio, R; oxidant-fuel ratio, O/F.J 

(b) Continued. Combustion-chamber pressure, 150 pounds per square inch absolute* 
equilibrium composition during isentropic expansion ' 


Pressure 

rotio, 

l>/P 

Static 

pressure, 

P, 

lb/»qin. 

Temp- 

erature, 

T, 

°K 

Enthalpy, 

h, 

tai/ 0 

Molecular 
weight, 
TO i 

Isentropic 

exponent, 

V 

Specific 

heat, 

V . 

Viscos- 

ity, 

A, 

micro 

Thermal 

conductivity, 

k. 

Mach 
number ] 

Specific 
impulse 
in vacuum. 

Area 

ratio, 

Thrust 

coefficient^ 

C. 

Specific 

impulse, 

l 


ob» 



1 

J 


poises 


M j 

<lbMwc>/lli 

E 

F 

ilbl(wc]/flbi 


R E 0.350* PERCENT FUEL * 26.47* Q/F * 2.778 


i.00 

150*00 

2339 

8692.6 

7.604 

1.2338 

1.427 

61 C 

0*00l07 

0*00 



0»00( 

0*0 

1 • OS 

1 42 .86 

2317 

6663.1 

7.605 

1.2332 

1.4l6‘ 

60* 

•ooioe 

• 26, 

569 • 

2.19 

• 2o - 

5 o • 6 

1 « 2 C 

125.00 

2259 

8783,3 

7.607 

1.2391 

1 . 3 8 8 C 

597 

«00l02 

.54’ 

360.' 

1.27 

.39. 

97.6 

1.40 

107.14 

2193 

8693.6 

7.609 

1.2434 

1 .360^ 

585 

•00099 

, 74t 

321.C 

1.06 

• 53( 

131.6 

1.60 

93.75 

2137 

8616,1 

7.61 1 

1.2471 

1.3 365 

576 

.00096 

• 80S 

311.6 

1*01 

• 622 

154.6 

1.80 

83. 19 

2067 

8552.2 

7.612 

1.2502 

1.32Q9 

567 

.00093 

1.00C 

309.8 

1 »00( 

. 693 

172.1 

2.00 

75.00 

2044 

8496.3 

7,613 

1.2528 

1.3068 

559 

•00091 

1.089 

310.7 

1.00 

.740 

185.7 

4.00 

3 7.50 

1772 

8151.6 

7.615 

1,2690 

1.2337 

5 06 

•00079 

1.59C 

333,1 

1 • 27( 

1.023 

254.0 

10.00 

15.00 

1451 

7767,3 

7.616 

1.2864 

1.1659 

4 34 

.00065 

2. 148 

365.6 

2.12C 

1.260 

312*9 

10.21 

14.70 

1444 

7759.5 

7.616 

1,2666 

1.1645 

433 

.00065 

2.160 

366.2 

2.14' 

1.265 

314.0 

20.00 

7.50 

1239 

7524.4 

7.616 

1.3035 

1.1206 

381 

•00055 

2.569 

385.6 

3.281 

1*390 

345. l 

40.00 

3.75 

1051 

7317.8 

7. 61 6 

1.3166 

1,0794 

*30 

*00046 

2,952 

402.4 

5.19] 

1.491 

370.2 

100.00 

1.50 

8 36 

7092.8 

7.616 

1.3364 

1*0366 

267 

*00036 

3.51o 

419.8 

9.681 

1.594 

395*8 

200*00 

.75 

702 

6953.6 

7.616 

1.3475 

1.0U9 

226 

•00030 

3.963 

430.2 

15.634 

1.654 

410*8 

400.00 

.38 

586 

6837.5 

7.616 

1.3533 

.9953 

189 

.00025 

4.452 

436.6 

25,362 

1. 7q3 

422.9 

1000.00 

• 15 

460 

6713.0 

7.616 

1.3634 

.9789 

148 

•00019 

5.160 

447.5 

48.312 

1.754 

435*5 

2000.00 

. 08 

382 

b63 7,0 

7.616 

1.3663 

.9694 

121 

•00016 

5.750 

452.8 

78,890 

1.784 

443*0 

4000. 00 

• 04 

317 

6574,0 

7.616 

1,3739 

.9587 

98 

• 00013 

6.390 

457.2 

129.010 

1*609 

449.2 




R 3 0*400* PERCENT FUEL 

- 23. 

95, 0/F 

- 3. 17 

5 



1.00 

150*00 

2553 

8050*5 

8.379 

1 1.2094 

1.4879 

669 

0*00118 

o.ooo 



0 • 000 

0*0 

1.05 

1 42 .86 

2532 

6021.1 

8.382 

1.2106 

1.4725 

657 

*00*16 

.284 

566.8 

2.178 

.203 

50 • 6 

1.20 

125*00 

2475 

7941,9 

8. 368 

1.2146 

1.4323 

646 

• 00U2 

.552 

359.6 

1,265 

. 391 

97.2 

1.40 

107.14 

2410 

7852.7 

6.393 

1.2194 

1.3894 

637 

.00107 

.754 

320.4 

1.064 

.527 

131*2 

1 . 60 

93.75 

2353 

7777,5 

6.396 

1.2235 

1.3555 

626 

♦GQ1Q4 

.695 

ill. 3 

1.011 

.619 

154* 1 

1.79 

83.84 

2306 

7715.9 

8.401 

1.2269 

1.3293 

620 

• GO lQl 

1*000 

309.7 

1.000 

• 686 

170*6 

2.00 

75.00 

22 60 

7655.7 

6.404 

1.2302 

1.3052 

612 

•00098 

1.096 

310*6 

1.00& 

.745 

185.3 

4.00 

37.50 

197b 

7308.9 

8.413 

1.2491 

1.1954 

561 

.00064 

1.594 

334.1 

1.266 

1*021 

254.0 

10.00 

15.00 

1636 

6910.* 

6.416 

1.2695 

1.1133 

48 9 

.00069 

2.147 

367.5 

2.155 

1.261 

313.9 

10.21 

14*70 

1631 

6910.5 

6.416 

1.2699 

1.1119 

468 

.00069 

2. 159 

368.2 

2.162 

1.266 

315.0 

20.00 

7.50 

1410 

6669.3 

6.416 

1.2641 

1.0&74 

435 

.00059 

2.542 

388.5 

3.356 

1,393 

346.7 

40.00 

3.75 

1206 

6455.6 

8.416 

1.2991 

1.0256 

380 

•00050 

2.937 

405.6 

5.344 

1.497 

372*5 

100.00 

1.50 

971 

6220*8 

8.416 

1.3167 

.9769 

313 

.00040 

3.479 

424.0 

10.0^7 

1 • 6q4 

399.0 

200.00 

• 75 

819 

6074,6 

8.416 

1,3317 

.9479 

266 

.00033 

3.917 

434.9 

16.311 

1.666 

414.6 

400.00 

. 38 

686 

5951.6 

8.416 

1.3427 

.9251 

224 

•00027 

4.386 

443.9 

26,573 

1.717 

427.4 

1000.00 

.15 

543 

5819.0 

8.416 

1.3536 

.9040 

176 

•00021 

5.072 

453.3 

50*651 

1. 771 

440 • 6 

2000.00 

.08 

452 

5737.8 

8.416 

1.3395 

.6*30 

146 

*00017 

5.644 

456.9 

83.233 

1.603 

446.6 

4000.00 

.04 

376 

5670.2 

8.416 

1.3649 

.6032 

119 

•aooi4 

6.266 

463.6 

136.502 

1.629 

455.1 




R 

* 0.450 

* PERCENT FUEL 

- 21.87. 0/F 

* 3*571 



1.00 

150*00^ 

2733 1 

7354.5 

9. 133 

1.1879 

1.6077 

7 0 1 

0*00132 

0*000 



0*000 

0*0 

1.0b 

142.86 

2713 

7325.6 

9,137 

1.1891 

1.5861 

696 

•00130 

.287 

562.0 

2,165 

.202 

50.1 

1.20 

125.00 

2659 

7247*6 

9. 146 

1.1925 

1.5361 

690 

.00125 

.557 

357.0 

1.259 

. 388 

96.4 

1.40 

107*14 

2596 

7159.7 

9. 159 

1.1966 

1.4792 

681 

•00119 

• 760 

318.4 

1.061 

• 524 

130*2 

1.60 

93.75 

2542 

7085.3 

9. 168 

1.2004 

1.4330 

672 

• 00H5 

.9 0 2 

309.6 

1*009 

.616 

153.0 

1.77 

84.52 

2499 

7028.7 

9.174 

1.2034 

1.3991 

666 

•00111 

1.000 

308.3 

1.000 

• 676 

168.4 

2.00 

75.00 

2451 

6964,7 

9.181 

1 . 2 0 ?0 

1.3621 

656 

.00107 

1.103 

309,5 

1*009 

.742 

184.2 

4.00 

37.50 

2171 1 

6616.6 

9,203 

1.22o2 

1. 1931 

610 

• 00089 

1.599 

333,6 

1.290 

1.019 

253.0 

10.00 

15.00 

1819 | 

6224.7 j 

9,215 

1.2519 

i • 0 7 68 

541 

• 00073 

2.145 

366.0 

2.193 

1.263 

313. 5 

10.21 

14.70 

1812 

6216.7 

9.215 

1.2523 

1 .0750 

539 

•00072 

2.156 

368.7 

2.221 

1.267 

314.7 

20.00 

7.50 

1578 

5971,1 

9.216 

1 .2604 

1.0250 

466 

•00063 

2.334 

369.6 

3,436 

1.397 

346.9 

40.00 

3.75 

1359 

5751,9 ! 

9.216 

1.2606 

.9635 

430 

.00054 

2.922 

4Q7.6 

5.502 

1.504 

373.4 

100.00 

1.50 

1106 

5509.0 

9.216 

1.3J06 

.9330 

359 

.00043 

3.450 

426.6 

10.428 

1.614 

400*7 

200.00 

.75 

939 

5356.4 

9.216 

1.3150 

.9001 

306 

•00036 

3.873 

436.1 

17*026 

1.679 

417.0 

400.00 | 

. 36 

794 | 

5227.1 

9.216 

1.3260 

.8730 

262 

*00030 

4.327 

447.5 

27,879 

1.733 

430.2 

1000*00 | 

• 15 

631 

5086.9 

9.216 

1 *34i7 

.8467 

^07 

•00023 

4.986 

457.5 

53.635 

1. 789 

444.2 

2000.00 ! 

• 08 

528 1 

5000.6 

9.216 

1.3501 i 

• 8316 

172 

•00019 

5.536 

463.5 

96. 1q3 

1.823 

452.6 

4000.00 ; 

.04 

440 | 

4928.4 

9.216 , 

. _.i 

1.3361 

.6211^ 

143 

*00316 

6.139 

466.4 

144,634 

1.851 

459.5 

j 



R 

= 0.500i 

PEkCEf 

T FUEL 

20*1 

2* 0/F 

3.968 





1.00 

150.00 | 

2881 , 

6769. oT 

9.659 

1.1704 

1.7727 

7?6 

0*00169 

0*000 



o* ooo 

0*0 

1*05 j 

142.86 

2862 

6741.4 

9.066 

1.1713 

1.7501 

733 

.00147 

.289 

555.6 

2.153 

• 20 1 

49.6 

1.20 

123-00 ! 

6611 

6665 • 2 

*.oo3 

1.17j9 

1.60*3 

726 

•00141 

.561 

353.3 

1.254 

. 366 

95.3 

1.40 1 

107.14 

2 7p2 1 

6379.0 | 

9. *01 

1.1771 

1.6211 

717 

.00134 

.766 

313 .4 

1.059 

• 522 

128.8 

1.60 

93.75 

2701 

6506.0 

*. * 1 3 , 

1.1802 

1.5642 

710 

•00129 

.*08 

307.0 

1.008 

.614 

151.5 

1.76 

83.15 

266*t 

645*., 3 I 

9. *25 

1.1825 

1.5246 

704 

.00125 

1.000 

305.7 

1.000 

• 671 

16 3*6 

2.00 

73.00 ! 

2615 

6367. 3 ! 

*.'*37 

1 *1636 

1.4743 

697 

•00120 

l.llo 

307.1 

1*011 

. 739 


4.00 ! 

37.50 

2346 

6044. 3 

9.984 

1.2061 

1 • 24**6 

653 

.00096 

1.605 

332.1 

1.311 

1.016 

251.2 

io.oo ! 

15.00 

1994 

5649.4 

10. 010 

1.2334 

1.0662 

387 

•00077 

2,142 

367.4 

2.235 

1.265 

312.2 

10.21 

14.70 

1966 

5641.3 1 

lo-olo 

1.2339 

1.0625 

586 

•00077 

2.134 

368.1 

2.264 

1.270 

? 13* 3 

20.00 , 

7.50 1 

1 743 i 

5392,6 

10.015 

1.24*9 

.9*66 

333 

•00066 

2.324 

309 .6 

3.522 

1 • 4q J 

346. 1 

40.00 ! 

3.75 1 

ls “i 

5169.1 

10*016 

1.2641 1 

.9302 

478 

•00057 

2.9 0 5 

408.2 

5.670 

1.512 

373.2 

ioo.oo ! 

1.50 

1242 ! 

4919,2 j 

10*016 

1.2830 

.8**4 

405 

•00046 

3.421 

428.0 

10.629 

1.626 

601.3 

200* OC 

.73 

1063 

4 761.0 1 

10*016 : 

1 .29oq 

.6642 

331 

.00039 

3.831 

440.0 

17.704 

1.694 

h18 » 1 

400.00 j 

.38 

904 I 

4626.0 ! 

10*016 

1.3121 

. 8 3^0 

301 

•00033 

4.26* 

450*0 

29.278 

1.750 

431.9 

1000*00 

.15 

724 

4478.5 

10*016 ' 

1.3206 

• 8019 

241 

•00023 

4**01 

460*5 

56.678 

1.809 

446.5 

2000*00 

• 08 

608 ! 

4387,2 

10.016 | 

1. 33oo 

♦ 7643 

CO* 

•00021 

5.431 

466.8 

93.457 

1.845 

455.3 

4000.00 

.04j 

510 ' ■ 

4310.5 

10.016 

1.3471 | 

.7700 

1 

167 

.00017 

6.009 

472,1 

154.133 

1.874 

462.6 
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TABLE II. - Continued. 


(b) Continued 


THEORETICAL ROCKET PERFORMANCE AT ASSUMED PRESSURE RATIOS FROM 1 TO 4000 FOR 

LIQUID HYDROGEN WITH LIQUID OX ''GEN 

[Equivalence ratio, R; oxidant-fuel 'atio, O/F.J 

Combustion-chamber pressure, 150 poun is per square inch absolute; 
equilibrium composition during isentro )ic expansion 


Pressure 
ratio, 
f> /P 


Enthalpy, 

h, 

tol/ 9 


Molecular 

wevghl. 


exponent, 

~ p ' 

7 cal/(«M 0 K)' 


~n 


conductivity, I 

k, 


Moch 

number 


Specific 
impulse 
in vacuum, 
l m \ 

(lbK*Kl/lb | 


Area 

ratio, 


Thrust 

coefficient, 


Specific 

impulse, 

l 

(bMMCt/ ! tt» I 


0.600* 


PERCENT FUEL 


lCO.OO 

200*00 

<•00.00 


co ! 


5841.6 

5815. 0 

5742.8 

3661.1 

5591.6 

5547.9 

5478.2 

6146.9 

4756.6 

4748.7 

4497.3 
4267.6 

4QQ6, 8 
3B38.9 
:>693.7 


3431.6 

3345.7 


11.228 
1 L.239 
11.266 
11.300 
11.326 
11.343 
11.366 
11.479 

11.570 

11.572 

11.602 

11.613 

11.616 

11.616 

11.616 

11.616 

11.616 

11.616 


1.1465 

1.1469 

1.1479 

1.1493 

1.1507 

1.1317 

1,1335 

1,1662 

1.1922 

1*1928 

1.2142 

1.2327 

1.2317 

1.2634 

1.2798 

1 • 29o8 
1.3122 
1.323b 


2.2005 

2.1752 

2.1035 

2.0246 

1.9331 

1.9107 

1.8396 

1.5032 

1.1596 
1.1536 
1 .0010 
• 9136 

.8315 

.8157 

.7625 

.7435 

.7189 

.6994 


768 
786 
780 
7 73 
766 
76* 
756 
720 

666 
66 5 
619 
566 

493 

437 

383 

314 

*67 

224 


0.00191 
•00188 
•00181 
.00173 
•00167 
.00162 
•00156 
.0012 t 

• 0CQ9 > 

• OOUSi 

• 00075 
■ 0006 + 

• 00353 
. 000* 5 
.00036 

• 0003 0 
•00023 
•00Q2 0 


PERCENT FUEL = 15.25. 


3231 | 

5138.3 

12.482 

1.1328 

2.7036 

825 

3216 1 

5113.3 

12.497 

1.13*8 

2.6609 

823 

3176 1 

5045.5 

12.536 

1.1328 

2.6171 

816 

3130 ! 

4968.6 

12.560 

1.13*9 

2.5409 

811 

309 1 

4903. 1 

12.618 

1.1331 

2.4726 

806 

3068 

4863.0 - 

It. 640 

1.1333 

2.43 16 

8o3 


4795.9 

lc.obo 

1.1338 

2.3550 

797 

2825 

4460.4 

12.855 

1.1306 

1.9694 

767 

2550 1 

41Q2.6 

13.040 

1.1534 

1.4750 

724 

23*»4 

4094.6 

13.044 

1.1539 

1.4050 

723 

2331 ! 

3845.6 

13. 134 

1.17*5 

1.1743 

667 

2102 

3613.6 

13.187 

1.1957 

.9713 

643 

1797 

3344.9 

13.211 

1.2*21 

.8356 

j76 

1579 

3169.2 

13.215 

1.236 / 

.7871 

521 

1379 

3015.2 

13.216 

1.2500 

.7520 

465 

1142 

2641.9 

13.216 

1.2662 

.7111 

392 

983 

2731.3 

13.216 

1.26*5 

• 6 625 

340 

641 

2036.4 ■ 13.210 

1.2904 

.6576 

*90 


R 

= 0.800 

. PEKCE 

NT FUEL 

= 13.6 

i 3304 j 

4586.9 

13*622 

1.1257 

3.1245 

[ b51 

I 3290 

4563.4 

13.639 

1.1255 

3.1096 

849 

3253 

4499. 9 

13.667 

1.1249 

3.Q677 

044 

3211 

4427.7 

13.741 

1.1244 

3.0156 

83a 

3174 

4360.2 

13. 766 

1.1240 

2.9661 

8 33 

31?4 

4331.9 

13.814 

1.1237 

2.9401 

630 

3115 

4265.3 

13.665 

1.1234 

2.8824 

624 

2935 

3967.3 

14. 095 

1 .1228 

2.5693 

796 

2709 

3606. 7 

14.369 

1.1267 

2.0b0^ 

763 

2699 

3599.0 

14. 375 

1.1269 

*.0 4 &2 

762 

252b 

3357.5 

• 14.544 

1.1354 

1.6425 

7 34 

2336 

3126.1 

14.677 

1.15*0 

1.26*5 

7Ql 

2064 

2o5o.8 

14.776 

1.1840 

.9*4* 

64 7 

1846 

2673.6 

14.60b 

1.2005 

.7993 

syb 

1634 

2512.1 

14.614 

1 >*2*b 

.7 J93 

5 43 

1375 

232 7.4 

14. 6lO 

1.2401 

.6930 

472 ; 

1199 

2207.9 

14.616 

1.2552 

.6639 

417 

1039 

2103.9 

14.816 

1.2672 

.6361 

364 


0/F 

0*00240 

.00237 

• oo2: 

. 002 . 

• 002 
• 002 

• 002 ( 3 

• 00l< 6 

• 00l* 

■ 00l- i 
. 000 ' ' 
.000 

• 000 

.000 


.000 
*000 
• 000 


• oo2 ; 

• 002 I 

• 002 ■' 
• 002 > 
• 002 .. 

• 0C2 •' 

.002 .. 

• 002 

• 00l r 

• 0 0 1 • 


L I 

>4 


0OC29 


PERCENT FUEL = 12.28. 



4142.9 

14.653 

1.1226 

3.2851 

4120.9 

14.o72 

1.12*4 

3.2773 

4061.3 

14.726 

1.121b 

3.2547 

3993.5 

14. 767 

l.i*0b 

3.22b 3 

3935.7 

14.640 

1 .1201 

3.199 7 

3904.1 

14.869 

1.1197 

3.1643 

364Q.9 

14.927 

1.1170 

3.1513 

3560.2 

15.193 

1.1163 

2.9668 

3219.0 

15.529 

1.1144 

2.6406 

3211.8 

15.536 

1.1144 

2.63*2 

2981.5 

15.765 

1.1151 

2.3*76 

2760.3 

15.981 

1.1187 

1.9560 

2492. 1 

16.217 

1. 15 36 

1.3985 

2307.5 

16.335 

1.13/6 

1.0*26 

2139.6 

Lb. j93 

1.1671 

• 6016 

1*44, 1 

lb. 413 

1.2133 

. 09*3 

1615.6 

ifc • 4 16 

1.2265 

.6560 

170*. 5 

16.416 

1.2309 

l. ■- ■ 

.6*77 


857 

632 

049 

843 

616 

786 
7 86 
762 
737 

099 

663 

620 


= 4.762 

' J 

0*000 



0.000 

0*0 

.292 

540*2 

2.136 

.199 

48.2 

.367 

344.0 

1.247 

. 383 

92.7 

.774 

307.5 

1.055 

• 516 

125.3 

.918 

299.6 

1.007 

.610 

147.5 

1.000 

296.7 

1.000 

.661 

159.9 

1.122 

300.4 

1.013 

.733 

177.8 

1.618 

326.4 

1.333 

1.017 

245.9 

2.143 

363.4 

2.321 

1.270 

307*2 

2.154 

364.1 

2.352 

1.275 

308.4 

2.506 

366.9 

3. 7 08 

1.414 

342.0 

2.867 

406.6 

6.038 

1.530 

370*1 

3.36Q 

427.8 

11.693 

1.65* 

399.6 

3.749 

440.9 

19.413 

1.726 

417.4 

4. 156 

451.9 

32.319 

1.787 

432.3 

4.742 

463.6 

63.444 

1.853 

448.2 1 

5.228 

470.7 

105.595 

1.893 

457.9 

5.759 

476.6 

175.548 

1.927 

466.Q 

= 5.556 j 

0*000 



0-000 

0*0 

.294 

323.5 

2.1*6 

.198 

46.7 

.5 70 

333.6 

1 .242 

.382 

89.8 

.778 

296.5 

1.032 

. 516 

121*5 

.923 

291.1 : 

1.006 

. 607 

143.1 

1-000 

*90»3 

1.000 

.655 

154.2 

1.129 

*92.1 

1.015 

.733 

172.6 

1.627 

316.6 

1.348 

1.016 

239.3 

2. 150 

356.3 

2.391 

1.273 

300-2 

2.161 

357.3 

2.425 

1.280 

301-4 

2.500 

381.1 

3.666 

1.424 

335.4 

2.838 

402.1 

6.425 

1.547 

364.2 

3.296 

424,8 

12.637 

1.677 

395.0 

3.662 

438.9 

21.191 

1.758 

413.9 

4.048 

450.8 

35.636 

1.825 

429.8 

4.593 

463.7 

70.952 

1.898 

447.0 

5.039 

471.7 

119.341 

1.943 

457.6 

5.323 

478.4 

200*37 1 

1.981 

466*6 

= 6.349 




0*000 



0.000 

0*0 

.295 

306*9 

2.1*1 

• 198 

45.2 

.5 72 

^*3.2 

1.240 

. 381 

87.0 

.781 

*89.3 

1.031 

.513 

117.7 

.927 

282.2 

1.005 

• 6Qb 

136.6 

1.000 

*81.5 

1.000 

.632 

148.9 

1.132 

263.4 

1.016 

.732 

167.3 

1.633 

309*7 

1.357 

1.016 

*32.2 

2.157 

347.8 

2.437 

1.278 

*92,0 

2.168 

348.5 

2.47* 

1.262 

*93.2 

2.305 

373.0 

4.017 

1.431 

327.1 

2.829 

394.9 

6.763 

1.536 

356.3 

3.246 

419.2 

13.610 

1.696 

386.1 

3.376 

434.9 

*3.116 

1.783 

4o».0 

9 3.933 

447.3 

39.267 

1.839 

4*4.9 

1 4.444 

461.3 

79 » 1 8 b 

1.940 

443.4 

3 4.63b 

470.4 

134,369 

1.990 

t'55.0 

9 5.30* 

477.9 

228.324 

2.033 

464.8 

F = 7.143 




0 0-000 



0-000 

0*0 

9 .293 

491.1 

2.116 

.197 

43.6 

3 .373 

313.2 

1.239 

. 360 

84.3 

1 .782 

*80.4 

1.061 

.314 

1 i 4 . 0 

7 . 9*6 

: *73.6 

1.003 

.606 

134.3 

4 l.UOO 

*7*. 9 

1.000 

. b 50 

144.2 

o 1.154 

*74.8 

1*016 

.731 

162.1 

6 1.636 

: 300.6 

1.360 

1.016 

225.2 

0 * • 161 

j 338.0 

2.457 

1.279 

283.5 

9 2.172 

338.8 

2.493 

1.284 

| 284.6 

9 2.310 

! 363.2 

4.082 

1.434 

317.9 

6 2.833 

1 385.4 

6.960 

1.564 

346.9 

8 3.23b 

410.9 

14.385 

j 1.7 0 9 

379.0 

8 3.5*9 

4*7.3 

24.996 

1.6o* 

1 399.6 

9 3.63* 

441.3 

43.209 

1.863 

417.5 

1 4. *68 

457.0 

86.419 

1.973 

437.4 

o : 4.671 

466.6 

151.666 

2.Q30 

450*0 

4 3.061 

473.2 

259.928 

2.0 76 

46Q.8 
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FOR 

LIQUID HYDROGEN WITH LIQUID OXYGEN 

[Equivalence ratio, R; oxidant-fuel ratio, O/F. 3 

(b) Continued. Combustion-chamber pressure, 150 pounds per square Inch absolute; 
equilibrium composition during isentropic expansion 


Pressure 
ratio, 
l> /P 

Static 

pressure, 

P. 

fc/rqm, 

Temp 

erature, 

T, 

°K 

Enthalpy, 

h, 

tti/g 

Molecular 

weight. 

TO 

Isentropic 

exponent, 

y 

Specific 

heat, 

C P- 

cal/ i gji °K l ' 

Viscos- 

ity, 

M, 

micro 

poises 

Thermal 

conductivity, 

k, 

cat/W^KMo] 

1 

Mach 

M 

Specific 
impulse 
in vacuum, 

llbKwci/lb 

1 

Area 

ratio, 

e 

Thrust 

coefficient 

c F 

Specific 

impulse, 

l 

ibHieO/ltbl 




f 

= 1.000» PERCENT FUEL 

= 11*19, O/F 

= 7.937 




1.00 

1.05 

150.00 

142.1*6 

3341 

332b 

3777.9 

3757.1 

15.586 

15.607 

1.1217 | 3.1652 
1.1214 3.1 796 

882 

680 

0*00295 

.00^94 

0.000 

.295 

476.5 

2.118 

0*000 

.197 

0*0 

42.5 

1.20 

125.00 

3292 

370U0 

15.664 

1.1206 

3.1630 

675 

.00291 

.573 

303.9 

1.238 

.380 

61.6 

1.40 

107.14 

3252 

3637.1 

15.730 

1.1197 

3.1421 

869 

.00287 

.782 

272.2 

1.050 

.514 

110.7 

1.60 

93.75 

3217 

3562.7 

15.766 

1.1190 

3.1225 

864 

.00283 

.928 

265.5 

1.005 

• 606 

130-3 

1.72 

07.13 

3199 

365 3.1 

15.817 

l.llo6 

3.1111 

6b 1 

.00262 

1.000 

264.9 

1.000 

.650 

139.8 

2.00 

73.00 

3161 

3493.4 

15. 060 

1.1178 

3*0866 

056 

.002 78 

1.134 

266.7 

1.016 

.731 

157.3 

4.00 

37.50 

2994 

3228.9 

16*167 

1.1146 

2.9493 

631 

•00286 

1.636 

291.6 

1.361 

1.016 

218.6 

10.Q0 

15.00 

2789 

2907.0 

16.532 

1.1117 

2.7109 

799 

.00229 

2.162 

326.3 

2.46 2 

1.279 

275.3 

10.21 

14.70 

2765 

2900.1 

16.539 

1.1116 

2.7049 

798 

•00228 

2.172 

329.0 

2.498 

1.284 

276.4 1 

20.00 

7.50 

2644 

2682.4 

16. 795 

1.1106 

2.4914 

773 

•00205 

2.511 

352.8 

4.097 

1.434 

308.7 | 

40.00 

3.75 

2305 

2472.8 

17.043 

1.1107 

2.2430 

752 

.00180 

2.837 

374.7 

7.007 

1.566 

337.0 I 

100.00 

1.50 

2325 

2217.2 

17.345 

1.1135 

1.6808 

719 

.00145 

3.244 

400.0 

14.6Q8 

1.712 

368.5 

200.00 

.75 

2168 

2039,0 

17.547 

1.1188 

1.5942 

692 

•0Q120 

3.542 

416.7 

25.757 

1.807 

389.0 

400.00 

.38 

2048 

1873.6 

17.718 

1.1282 

1.3134 

662 

.00096 

3.834 

431.6 

45.624 

1.691 

407.1 

1000.00 

.15 

1850 

1674.1 

17.886 

1.1497 

.9862 

617 

.00069 

4.220 

448.7 

97.111 

1.968 

427.8 

2000-00 

• 0$ 

1668 

1538.1 

17.962 

1.1 732. 

• 60 16 

575 

•00054 

4.522 

459.9 

170.978 

2.051 

441.5 

4000.00 

.04 

1517 

1415,4 

17.999 

1.1960 

| .6040 

527 

•00043 

4.853 

469.5 

298.702 

2.107 

453.4 


R = 1 . 500 , PERCENT FUEL = 7 . 749 , Q/F - 11 * 9 Q 5 


1.00 

150.00 

3219 

2626.1 

19.176 

1.1249 

1.9992 

905 

0.00193 

0*000 



0*000 

0*0 

1.05 

142.66 

3206 

2609.6 

19.199 

1.1247 

1.9899 

903 

.00191 

.295 

421.7 

2. 120 

.198 

37.6 

1.20 

125.00 

3169 

256 b . 9 

19.260 

1. 1242 

1.9637 

697 

.00188 

.5 72 

268.9 

1.240 

• 381 

72.4 

1.40 

1 U 7. 14 

3127 

2515.9 

19.330 

1.1237 

1.9320 

691 

.00183 

.781 

240.7 

1.051 

.515 

97.9 

1.60 

93.75 

3091 

2473.3 

19.390 

1. 1233 

1.9032 

885 

.00180 

.927 

234.8 

1 . 00 & 

.606 

115.3 

1.72 

86.98 

3071 

2449.6 

19.424 

1.1232 

1.8866 

881 

.00176 

1.000 

234.2 

1*000 

.651 

123.9 

2.00 

75.00 

3031 

2403.5 

19.489 

1.1228 

1.8526 

875 

.00173 

1.133 

235.8 

1 • 0 1 6 

.732 

139.2 

4.00 

37.50 

2853 

2197,1 

19.783 

1 . 1 223 

1.6765 

845 

•00152 

1.633 

257,7 

1.357 

1.016 

193.2 

10.00 

15.00 

2626 

1947.2 

20.134 

1.1249 

1.4086 

806 

.00123 

2.158 

289.4 

2.439 

1.278 

243.0 

10.21 

14.70 

2621 

1942.0 

20.141 

1.1250 

1.4026 

805 

• 00 x 23 

2.169 

290.1 

2.474 

1.283 

244.0 

20*00 

7.50 

2455 

1774.4 

20*361 

1. 1306 

1.1931 

7 74 

•00102 

2.507 

310*5 

4.02 7 

1.431 

272.2 

40.00 

3.75 

2281 

1614.9 

20*545 

1.1413 

.9627 

740 

•00082 

2.834 

329.0 

6 . 8 Q 5 

1.559 

296.6 

100 * 00 

1.50 

2037 

1424.2 

20*710 

1.1651 

• 7495 

687 

•00060 

3.249 

349,7 

13.824 

1.700 

323.4 

200.00 

. 75 

1842 

1295.4 

20*774 

1.1881 

.6298 

641 

•00048 

3.566 

362.8 

23.681 

1.789 

340-3 

400.00 

• 38 

1644 

1180.0 

20*602 

1.2093 

.5593 

589 

-00040 

3 . 90 3 

374.0 

40*495 

1.665 

354.7 

1000.00 

.15 

1393 

1047.3 

20.811 

1.2308 

.5103 

517 

*00033 

4.391 

386.3 

82 . 1 Q 5 

1.948 

370.6 

2000.00 

.08 

1220 

960.9 

20.813 

1.2441 

.4669 

46 3 

.00028 

4.794 

394.0 

139.978 

2.001 

380*6 

4000.00 

.04 

1062 

885.4 

20.813 

1.2573 

.4666 

4 q 9 

.00024 

5.226 

400.5 

238.311 

2.046 

389.2 




R 

= 2.000 

, PERCENT FUEL 

= 5 . 927 . O/F 

= 15.873 




1.00 

150*00 

3045 

2016.0 

21.610 

1.1322 

1.3351 

900 

0*00130 

0*000 


0-000 

0*0 

1.05 

142.86 

3031 

2002.4 

21.631 

1.1322 

1.3254 

d 96 

.00129 

.294 

366.3 

2 .126 

.198 

34.4 

1.20 

125.00 

2992 

1965.5 

21.688 

1.1323 

1.2984 

891 

.00126 

.571 

246.2 

1.242 

. 381 

66.3 

1.40 

107.14 

2947 

1923.6 

21.752 

1.1326 

1.2665 

683 

•00122 

.776 

220*3 

1.052 

• 516 

69.7 

1.60 

93.75 

2909 

1 66 b . 0 

21.807 

1.1329 

1 . 23 b 1 

a 7 b 

.00118 

.924 

214.8 

1.006 

.607 

2 q 5 • 6 

1.73 

86.67 

2886 

186 7.2 

21.838 

1.1331 

1.2211 

6 72 

•00116 

1.000 

214.2 

1.000 

.655 

113.8 

2.00 

75.00 

2845 

1829.6 

21.895 

1.1336 

1.1694 

665 

.00113 

1.129 

215.6 

1.015 

.733 

127.4 

4.00 

37.50 

264 y 

1657.8 

22.145 

1.1382 

1.0314 

829 

• 0009 b 

1.627 

235.1 

1.348 

1.016 

176.6 

10.00 

15.00 

2386 

1451.9 

22.405 

1.1514 

.8231 

7 78 

*00073 

2.151 

463.1 

2.393 

1.275 

221.6 

10.21 

14.70 

2382 

1447.6 

22.410 

1.1518 

.8187 

777 

.00072 

2.162 

263.7 

2.427 

1.280 

222.4 

2 0 . 00 

7.50 

2184 

1311.8 

22.540 

1.1681 

.6852 

7 36 

.00059 

2.502 

281.4 

3.895 

1.424 

247.5 

40.00 

3.75 

1974 

1185.0 | 

22.621 ! 

1.1892 

.5809 

688 

•00048 

2.839 

297.0 

6.456 

1 . 547 

266.9 

100*00 

1.50 

1694 

1037.6 

22.665 

1.2166 

.4965 

616 

.00038 

3.291 

313.9 

12.741 

1.679 

291.8 

200.00 

.75 

1492 

940*9 

22.675 

1.2328 

.4656 

562 

*00032 

3.652 

324.3 

21.403 

1 . 760 

3 q 5 . 9 

400.00 

. 3 o 

1 305 

856.0 

22.677 

1.2462 

• 4438 

5 q 6 

*00028 

4.035 

333.4 

36.042 

1.828 

317.7 

1000. 00 

1 

• 15 

1064 

760.3 

22.677 

1.2629 

.4209 

434 

*00023 

4.576 

343.1 

71.914 

1.904 

330*6 

2000.00 

.08 

935 

69y.O 

22.677 

1.2758 

.4053 

382 

*00020 

5.01 

349.1 

121.231 

1.946 

338. 5 

4000.00 

.04 

803 

646.3 

22.677 

1.2892 

.3906 

334 

•00017 

5.495 

354.1 

204.087 

1.986 

345.2 




R 

= 3.000 

, PIKCE 

NT FUEL 

= 4 .Q 31 , O/F 

= 23.810 




1.00 

150.00 

2695 

1381.4 

24.614 

1.1581 

0.7383 

859 

0*00072 

0.000 



0*000 

0*0 

1.05 

142.86 

2679 

1370.8 

24.628 

1.1588 

.7306 

856 

♦00071 

.291 

340.3 

2.145 

• 200 

30*3 

1.20 

125.00 

2634 

1342.2 

24.666 

1.1609 

.7094 

847 

.00069 

.564 

216.5 

1.251 ' 

• 38 b 

58.4 

1.40 

107. 14 

2582 

1309.9 

24.706 

1.1635 

.6854 

637 

. 00066 

.769 

193.4 

1.057 

• 520 

78.9 

1.60 

93.75 

2537 

1282.4 

24. 739 

1.1661 

• 6650 

826 

.00063 

.913 

188.4 

1.007 

.612 

92.8 

1.75 

65.56 

250 ? 

1263.9 

24. 760 

1 * 16/9 

.6513 

822 

•00362 

1.000 

187.7 

1.000 

• 666 

101*1 

2.00 

75.00 

2462 

1237.6 

24.789 

1 . 1 707 

.6319 

813 

.00059 

1.116 

188.6 

1.012 

.737 

111.9 

4.00 

37.50 

2226 

1107.7 

24.905 

1.1866 

.5411 

762 

.00049 

1.610 

204.4 

1.320 

1.017 

154.3 

10.00 

15.00 

iyi 4 

956 .o 

1 24.980 

1.2156 

• 45 o 9 

690 

•00039 

2.142 

226.7 

2.271 

1.267 

192.3 

10.21 

14.70 

iyo 7 

y 53.5 

1 24.981 

1 • 2 lbl 

.4575 

66 8 

.00038 

2.154 

227.2 

2.301 

1.272 

193-0 

20*00 

7.50 

1687 

657.4 

25.000 

i .2333 

.4232 

632 

•00033 

2.517 

240.8 

3 . 6 ol 

1 . 40 7 

213.5 

40 . OC 

3.75 

1475 

770.4 

25.006 

1.24 1 i 

.4015 

574 

•00029 

2.891 

252.7 

5.831 

1.520 

230*6 

100. 00 

1.50 

1224 

672.4 

25.006 

1.2631 

. 3616 

499 

•00024 

3.397 

265.4 

11.232 

1.637 

248.4 

200.00 

.75 

1057 

609.6 

25.008 

1.2752 

.3682 

445 

.00021 

3.796 

273.2 

18.586 

L. 7 o» 

259.1 

400 . OC 

.38 

906 

555.6 

25.008 

1.26 75 

.3559 

.>94 

■00018 

4.217 

279.6 

30.867 

1.767 

268.1 

1000 . C 0 

.15 

736 

495.9 

25.008 

1.3045 

.3401 

33 0 

•000 1 6 

4.816 

286.8 

60*444 

1.829 

277.6 

2000*00 

. 0 o 

62 5 

458.5 

25-008 

1.3161 

.3292 

<:86 

*00012 

5.312 

291.0 

100*439 

1.868 

283.4 

400 U.U 0 

.04 

527 

426.8 

25-008 

1.3309 

; .3196 

246 

•oooic 

5.853 

294.5 

166.664 

1.899 

4 6 6*2 
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TABLE II. - Continued. 


(b) Concluded. 


THEORETICAL ROCKET PERFORMANCE AT ASSI iNED PRESSURE RATIOS FROM 1 TO 4000 FOR 

LIQUID HYDROGEN WITH LIQUID OX {GEN 

[Equivalence ratio, R; oxidant-fuel *atio, O/F.J 

Combust ion -chamber pressure, 150 poun Is per square inch absolute; 
equilibrium composition during isentro tic expansion 


Pressure 

rotio. 

Static 

preisure, 

P. 

*/«*«*• 

abt 

Temp- 

erature 

T, 

"K 

Enthalpy, 

h, 

<*!/» 

Molecular 

weight, 

TO 

lien tropic 
: exponent 

1 

Specific 
J heat, 

1 V 

rol/tflH^K; 

Viicoi- 

M' 

micro 

poises 

Thermal 

conductivity 

k, 

Moch 
; number 
M 

Specific 
impulse 
in vacuum 
Loc 

ftb )(«<!/ lb 

Area 

, rotio, 

C 

Thrust 

coefficient 

C f 

Specific 

impulse, 

I, 

ifoMwcl/ilbl 





R = 4.000, PERCENT FUEL 

* 3. 

054, 0/F 

-31.746 




1.00 

150.00 

2363 

1054.4 

26.287 

1.1944 

0.5005 

002 

0 *0004 f 

o-ooo 



T 

! 0*000 


1.05 

142.86 

2344 

1045.7 

26.294 

! 1.1957 

.4956 

790 

.0004 

• 286 

300.0 

2.169 

• 202 

27.5 

1.20 

125.00 

2295 

1022.3 

26.311 

i 1.1994 

.46 33 

787 

.0004! 

.556 

195.6 

1.261 

• 389 

52.8 

1.4Q 

107.14 

2238 

995.9 

26.320 

1.2037 

.4699 

774 

.0004* 

.758 

174.4 

1.062 

.523 

71.3 

1.60 

9 3.75 

2 166 

973.6 

26.341 

1.2075 

.4590 

763 

•00041 

• 9qo 

169.5 

1.010 

.617 

83.0 

1.70 

04.31 

2149 

96b. 3 

26.350 

1.2105 

.4509 

7 54 

•0004. 

1.000 

160.7 

1-000 

.600 

92.4 

2.00 

75.00 

2107 

937.5 

26.359 

1.2130 

.4426 

745 

•0004( 

1.101 

169.4 

1.009 

. 743 

100*9 

<*.00 

37.50 

j 1859 

634.0 

26. 391 

1.2322 

• 4044 

665 

.0008* 

1.599 

102.4 

1.293 

1-020 

130.5 

10*00 

15.00 

1555 

716.5 

26.404 

1.2512 

.3757 

6o5 

•0002t 

2.148 

201 .2 

2. 187 

1.263 

171.5 

10.2 1 

14.70 

1549 

714.1 

26.404 

1.2515 

.3752 

604 

•00026 

2.160 

201.3 

2.213 

1.267 

172.1 

2 0.00 

7.50 

1350 

640.8 

26.406 

1.2629 

. 3616 

547 

•00025 

2.5 39 

213.0 

3.431 

1.397 

1B9.7 

40.00 

3.75 

1166 

575.3 

26.406 

1.2739 

.3500 

491 

.00022 

2.9 28 

222.9 

3.306 

1.504 

204.2 

100.00 

1.50 

953 

502,5 

26.406 

1.2894 

.3353 

421 

.00018 

3.455 

233.4 

10.403 

1.614 

iaJ*2 

200.00 

.75 

614 

456.5 

26.406 

1.3021 

.3244 

372 

.00016 

3.873 

239.0 

17.201 

1.600 

220.1 

400.00 

.38 

691 

417.3 

26.406 

1.3152 

.3140 

326 

•00013 

4.317 

245.1 

2B.301 

1.734 

235.5 

1000.00 

.15 

552 

374.6 

26.406 

' 1.3330 

.3012 

270 

.00011 

4.955 

250.6 

54.731 

1.791 

245.2 

2000.00 

.00 

463 

346 . 1 

26.406 

' 1.3459 

.2920 

232 

•00005 

5.487 

254.0 

90.095 

1.826 

247.9 | 

4000.00 

! .04 

367 

32b. 0 

26.406 

1.3563 

.2064 

197 

•00007 

6.075 

256.0 

140.169 

1.854 

251.7 ! 


















* 5.000, PERCENT FUEL 

= 2.< 

♦50, O/F 

=39.683 




1.00 

150*00 

2066 

855.0 

27.307 

1.2269 

r 

| 0*4020 

74 1 

0-00O37 

0-000 



0* 000 


1.05 

142.86 

2046 

647.7 

27.310 

| 1.2202 

1 .3996 

737 

•00036 

.263 

202 *4 

2.106 

.204 

23.2 

1.20 

125.00 

199 b 

028.0 

27.315 

: 1.2315 

j .3934 

725 

•00035 

.549 

179.0 

1.269 

• 392 

4e . 4 

1.40 

107.14 

1941 

005.9 

27.321 

1.2353 

.3869 

711 

•00034 

.750 

159.3 

1.066 

.529 

63.3 

1.60 

93.75 

1892 

787.3 

27.325 

1.2364 

.3810 

699 

.00033 

.891 

154.8 

1.011 

• 622 

76.7 

1.60 

83.45 

1850 

771.5 

27.327 

1.2410 

. 37 7 7 

688 

.00032 

1*000 

153.9 

1.000 

• 690 

05.2 

2.00 

75.00 

1812 

757.3 

27.329 

1.2433 

.3742 

679 

•00032 

1.092 

154.4 


. 747 

92.2 ! 

4.00 

37.50 

1576 

672.0 

27.337 

1.2563 

.3570 

617 

.00020 

1.594 

165.7 

1.261 

1.022 

126.2 

10.00 

15.00 

1303 

576.2 

27.338 

1.2708 

.3411 

539 

•00023 

2.152 

182.2 

2.144 

1.262 

155.7 

10.21 

14.70 

1296 

674.3 

27.338 

1.2711 

.3408 

530 

•00023 

2.164 

102.3 

2.171 

1.2 66 

156.3 i 

2 0.00 

7.50 

1 122 

615.2 

27.339 

1.2015 

.3309 

404 

•00020 

2.550 

192.6 

3.343 

1.393 

171.9 | 

40.00 

3.75 

961 

462.0 

27.339 

1.2929 

.3209 

432 

.00016 

2.947 

201.2 

5.332 

1.496 

104.7 

100.00 

1.50 

776 

405.1 

27.339 

1.3094 

.3076 

367 

•00015 

3.487 

210.3 

10.060 

1.603 

197.9 

200.00 

. 75 

656 

369,0 

27,339 

1 .3227 

.2979 

32 i 

•00012 

3.919 

215.0 

16.403 

1.666 

2o3*6 

4C0.00 

• 3b 

554 

3 38.5 

2 7.339 

1.3364 

.206 7 

279 

•00011 

4.380 

220.3 

26.799 

1.717 

212.0 

1000.00 

.15 

430 

305.6 

27.339 

1.3536 

.2 702 

229 

•00008 ; 

5.048 

225.0 

51.330 

1.771 

218.7 

2000.00 

.08 

365 

285.4 

27.339 

1.3632 

.2720 

195 

•00007 | 

5.612 

227.8 

83.996 

1.803 

222.6 ' 

4000.00 

.04 

303 

266.6 

27.339 

1.3697 

.2693 

164 

•00006 | 

6.235 

230.1 

137.472 

1.830 

225.9 
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TABU 


r II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FOR 

LIQUID HYDROGEN WITH LIQUID OXYGEN 

[Equivalence ratio, R; oxidant-fuel ratio, O/F.J 

(c) Combustion-chamber pressure, 500 pounds per square inch absolute; equilibrium 
composition during isentropic expansion 


■ 

Pressure 

ratio, 

P c /P 

Stork 

pressure, 

P, 

lb/ iq m. 
obi 

— 

Temp 

erature. 

"* j 

Enthalpy, 

h, 

tol/g 

Molecular 

weight, 

TO 

Isentropic 

exponent, 

Y 

Specific 

heat, 

c p 

cal/l l * 

Viscos- 

t 

micro 

poises 

Thermal 

conductivity, 

It, 

col/ r*K :<( °K Him! 

— 

Moch 

number 

M 

Specific 
impulse 
in vacuum, 

(lbnw<)/lb 

Area 

ratio, 

‘ J 

Thrust 

coefficient 

L c ' 

; 

Specific 

impulse, 

l 

lb it wc i/llbi 





= 0.150* percent FUEL 

= 45.65. O/F 

* 1.190 




1.00 

300*00 

1183 

5313.5 

4.416 

1.3396 

1.7752 

314 

0*00073 

0*000 



0*000 

0*0 

1.05 

285.71 

1166 

5287.7 

4,416 

1.3406 

1.7710 

311 

•00073 

.271 

530.1 

2 .250 

.210 47.4 

1.20 

250.00 

1129 

5218.6 

4.416 

1*3436 

1.7597 

303 

•00070 

.527 

334,2 

1.297 

.403 

90*8 

1 . 40 

214.29 

1065 

5141.9 

4.416 

1 • 3489 

1.7472 

293 

.00088 

.722 

296.1 

1.061 

.543 

122.2 

1.60 

187.50 

1049 

5077.7 

4.416 

1.3497 

1.7369 

285 

• 0 0086 

.860 

286.6 

1 .018 

.636 

143.2 

1.87 

1 60 .84 

1008 

5006.8 

4.416 

1.3527 

1.725 7 

2 76 

.00083 

1.000 

284.1 

1-000 

.725 

163.4 

2.00 

150*00 

989 

4975.4 

4.416 

1 .3540 

1.7210 

c72 

.00082 

1.059 

284.4 

1 .003 

.761 

171.5 

4. 00 

75.00 

824 

4693*4 

4.41b 

1.3651 

1*6825 

234 

.00052 

1.666 

301.7 

1.233 

1.031 

232.3 

10.00 

30.00 

643 

4392.5 

4.416 

1.3748 

1.6505 

188 

.00042 

2.152 

J27.5 

1.974 

1.257 

283.1 

20.00 

15.00 

532 

; 4209.8 

4.416 

1.3799 

1.6344 

159 

•00035 

2 . 586 

343.5 

2.982 

1.376 

309.9 

20.41 

14.70 

529 

42Q4 # 9 

4.416 

1.3801 

1.6339 

158 

.00035 

2.599 

343.9 

3.020 

1.379 

310*6 

40.00 

7.50 

439 

4056.9 

4.416 

1.3824 

1.6267 

133 

.00029 

3.031 

356.4 

4.620 

1.467 

330.4 

IOC. 00 

3.00 

340 

3899.0 

4.416 

1 • 3880 

1.6099 

104 

*00023 

3.648 

369.8 

8.432 

1.558 

350-8 

2 00* 00 

i 1.50 

280 

3802.5 

4.416 

1 .3923 

1.5970 

85 

*00018 

4.149 

377.7 

13.431 

1.610 

362.6 

400.00 

. 75 

230 

3723.2 

4.416 

1.4064 

1.5571 

70 

*00013 

4.675 

384.1 

21.488 

1.652 

3 72 • 0 

] ICOO.OO 

• 30 

175 

3640.1 

4.416 

1.4352 

1.4840 

55 

.00011 

5.437 

390.6 

39.928 

1.694 

! 381.6 

j 2000*00 

.15 

142 

: 3590.9 

4.416 

1.4531 

1 .4367 

45 

.00009 

I 6.096 

394.3 

63.572 

1.719 

387.2 

40CQ.00 

.08 

I 114 

: 3551.2 

4.416 

! 1.4713 

1.4Q46 

36 

*00007 

6.843 

397.3 

100.938 

1.739 

391.6 


R = 0.200* PERCENT FUtL = 38*65. Q/F = 1*587 


1.00 

300.00 

1514 

2969. lT 5.216 

1.3076 

1.6188 

402 

0*00084 

0*000 



0*000 

1.05 

285.71 

1497 

2941.7 

5.216 

1.3069 

1 .6l4<* 

399 

.00083 

.2 74 

552.2 

2.233 

. 2o9 

1.20 

260.00 

1450 

2866.8 

5.216 

1.3.19 

1.6025 

389 

.00061 

.533 

346 *6 

1.289 

.400 

1.40 

214.29 

1398 

2783.2 

5*216 

1.3154 

1 ,5689 

378 

.00078 

.7 30 

309.3 

1.077 

.539 

1.60 

187.50 

1354 

2713.2 

5.216 

1.3185 

1.5773 

369 

.00076 

.869 

299.6 

1.016 

.632 

1.85 

162.47 

130? 

2640.5 

5.216 

1.3217 

1.5652 

359 

•00073 

1.000 

297.3 

1.000 

• f ib 

2.00 

150*00 

1282 

2601*1 

5.216 

1.3235 

1.5585 

353 

•00072 

1.066 

297.8 

1.004 

* 757 

4.00 

75.00 

1079 

2290*0 

5.216 

1.3391 

1.5046 

307 

•00091 

1.5 72 

316.7 

1.244 

1,0*9 

10*00 

30*00 

852 

1954.3 

5.216 

1.3559 

1.4516 

251 

•00046 

2 . 146 

344.7 

2.009 

1.257 

20.00 

15.00 

709 

1746.8 

5.216 

I .3656 

1 .4232 

213 

•00040 

2.573 

362.0 

3,049 

1.379 

20.41 

14.70 

705 

1743*2 

5«21b 

1 ,3638 

1.4225 

2 12 

•00040 

2.586 

362.4 

3.086 

1.362 

4 0.00 

7.50 

588 

1576.0 

5.216 

1.3715 

1 .4065 

179 

.00034 

3.010 

376.0 

4. 739 

1.472 

ICO. 00 

3.00 

458 

1396.3 

5.216 

1.3771 

1.3913 

142 

•00026 

3.619 

390.5 

8.679 

1.565 

200.00 

1.50 

379 

1286.1 

5.216 

1.3811 

1.3807 

117 

•00022 

4.111 

399.1 

13.870 

1.619 

400.00 

.75 

312 

1195.2 

5.216 

1.3861 

1.3677 

96 

*00016 

4.638 

406.1 

22,296 

1.662 

1000.00 

• 30 

242 

1098,9 

5.216 

1.39/2 

: 1.3402 

74 

•00013 

5.394 

413.4 

41.979 

1.708 

2000.00 

.15 

198 

1041.1 

5.216 

1.4136 

! 1.2977 

61 

.0001 1 

6.014 

417.7 

67.687 

1.733 

4000. 00 

.08 

161 

993.9 

5.216 

1.4349 

: 1.2571 

50 

•00009 

6 . 7 o 5 

421.1 

108.755 

1.754 


0*0 I 

49.3 ; 
94.6 

127.4 

149.4 
169*2 
179. 1 

243.2 

297.2 
325*9 

326.7 

348.0 

37Q.0 

382.7 

393.0 

403.5 

409.7 

414.6 


R = 0.250* PERCENT FUEL => 33.51* O/F = 1.984 


1.00 

300.00 

1817 

1249.3 

6*016 

1.2824 

1.5015 

1.05 

285.7 1 

1 797 

1220.2 

6.016 

1.2635 

1.4971 

1.20 

250.00 

i 745 

1142*1 

6.0lb 

1.28b3 

1.4852 

1 .*0 

2 14.29 

1686 

1054.7 

6.016 

1.2895 

1.47 19 

1.60 

187.50 

1636 

981.5 

6.016 

1.2923 

1 .4609 

1.83 

163.91 , 

1587 

909.9 

6*016 

1.2951 

1 .4498 

2.00 

150.00 

1555 

863.9 

6.016 

: 1.2971 

1.4425 

4.00 

75,00 

1322 

636.1 

6.016 

: 1.3125 

1.3675 


481 
477 
467 ; 
4 56 
446 
436 
429 
378 


0*00092 
•00091 
.00039 
• 00036 
.00034 

.00031 

.00080 

•00068 


0*000 f 

.276 | 563.4 

.538 356.2 : 

.736 316.3 ! 

.876 306.6 

1.000 304.5 

1.076 305.1 

1.578 i 325.5 


2.218 

1.283 

1.073 

1.015 

1.000 

1.005 

1.256 


0*000 
. 207 ! 
. 398 
. 536 
.629 
.706 
.754 I 
1.027 


0*0 
50*3 
96.6 
130. 1 

152.7 

171.8 
183.1 
249.3 


10.00 

20.00 

20.41 

40.00 


30.00 

15.00 
14,70 

7.50 


1057 
88 7 
682 
741 


176.1 
9954.0 
9948*0 
y766. 1 


6.016 

6.Q16 

6.016 

6.016 


1.3329 

1.3460 

1.3404 

1.35o8 


1.3226 

1.2849 

1.2638 

1.2860 


314 

269 

266 

226 


.00054 
» 00046 
•00045 
•00038 


2.147 
2.563 
2.575 
c .987 


355.3 

373.7 
374.2 

386.7 


2.046 ! 
3.127 
3.166 j 
4,883 


1.258 

1.362 

1.386 

1.476 


305.6 

335.7 
336.5 
359.0 


100.00 

200.00 

I 400.00 

! icoo.oo 

: 2000.00 ! 

' 4C0C.0C ' 


1.00 
1.05 
1.20 1 
1.40 I 
1.6C : 
1.82 
2. CO 
4. CO 


10.00 
20. OC 
20.41 
40. OC 

100.00 

200.00 

*♦00.00 


1000.00 

2000.00 . 

4000.00 i 



. 

9369.0 

6.016 

1.3663 

1.2321 

181 

•00030 

3.561 

404.2 

8.9B3 

1.574 

382.4 

1.50 

462 

94 4 7.8 

6.016 

1 • 3 7 ib 

1.2192 

151 

•000*5 

4.064 

413.4 

14.396 

1.630 

395. 9 

.75 

399 

9347.3 

6.016 

1.3755 

1.2099 

125 

.000*0 

4.561 

420.9 

23.208 

1.675 

4Q6.8 


310 

9240.5 

6.016 

1.3620 

1.1949 

93 

.00015 

5.327 

428.7 

43.094 

1.722 

418.1 

.15 

256 

9175.9 

6.C16 

1.3867 

1.1801 

76 

.00012 

5.945 

433.4 

71.280 

1.749 

424.7 

.08 

210 

9122.7 

6.016 

1.4042 

1.1475 

64 

•oooio 

6.605 

437.2 

115.630 

1*771 

430*2 



R 

= 0.300 

* PERCENT FUEL 

= 29.57, Q/F 

= 2.381 




300.QO 

2093 

9932.7 

6.814 

1.26Q0 

1.4230 

550 

0*00098 

0.000 



0*000 

0»0 

285.71 

2072 

9503.1 

6.614 

1.2611 

1.4174 

547 

•00097 

.279 

568.5 

2.206 

• 2o6 

50*8 

250*00 

2016 

9623,5 

6.815 

1.2640 

1.4027 

537 

.00093 

.342 

359.8 

1.277 

.396 

97.5 

214.29 

1952 

9734, h 

6.815 

1.26 /4 

1.3869 

325 

•00092 

.742 

819.8 

1.070 

.533 

131.4 

1 87. 5C 

165 7 

9659.4 

b. 61 5 

1.2702 

1.3740 

313 

•00090 

.682 

-SlO.3 

1 .013 

• 626 

154.2 

165.12 

164 6 

9590-1 

6.81b 

1.2729 

1.36 23 

305 

.0006? 

1.000 

308.3 

1.000 

. ?Ql 

172.7 

150*00 

1809 

9 5 36.5 

6.61b 

1.2730 

i .3539 

496 

•00066 

1.082 

309.1 

1.00* 

• 751 

185.1 

75.00 

1553 

9159.7 

6.616 

1.2693 

1.2994 

443 

•00074 

1.585 

330.6 

1.266 

1.0*3 

252.6 

30.00 

1257 

8325.3 

6.616 

1.3095 

1.2336 

3 73 

•00060 

2.148 

361.8 

2.085 

1.260 

31Q.4 

16. CO 

1064 

8591.2 

b ■ 8 1 6 

1.3243 

1,1891 

323 

.00051 

2.555 

381.2 

3.206 

1.386 

, 341.7 

14.70 

, 1059 

8584.9 

b. 616 

1.3233 

1.1876 

324 

.00050 

2.367 

381.7 

3.246 

1.390 

i 342.5 

7.50 

895 

8393.6 

6.816 

1.3364 

1.1531 

279 

.00042 

2.968 

397.0 

5.037 

1.485 

366.0 

3 . OC 

7(3 7 

8180.4 

b.C 16 

1.3531 

1.1173 

223 

.00033 

3.344 

413.5 

9.325 

1.584 

39Q.5 : 

1.30 

5 5 0 

. 6049.6 

6.616 

1.3603 

1 . 1006 

187 

•OOO* 7 

4.013 

423.3 

14.993 

1.642 

404.8 

.73 

4 5 0 

7940.6 

6.6 1b 

1.3667 

1.0065 

136 

.00023 

4,317 

431.3 

24,234 

1.689 

416.3 

.30 

363 

7624.8 

i 6.616 

1.3724 

, 1.0745 

120 

•00017 

5.247 

439.6 

46.000 

1.7 38 

428.3 


3 i? 

7754.3 

6. o 16 

1.3 7 /b 

i i.Qoi'/ 

96 

•00014 

: 3.851 

i 444.6 

74.914 

i . 767 

433.4 

.00 

262 

7696.0 

1 6.616 

1.3832 

i.Q3*3 

80 

•oooii 

6.309 

448.7 

122. 169 

1.790 

441.2 
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FOR 


LIQUID HYDROGEN WITH LIQUID OXYGEN 

[Equivalence ratio, R; oxidant-fuel ratio, O/F.J 

(c) Continued. Combustion-chamber pressure, 300 pounds per square inch absolute; 
equilibrium composition during lsentroplc expansion 


Pressure 

Static 

pressure. 

Temp- 

Enthalpy, 

Molecular 

lsentroplc 

Specific 

heat, 

Viicos- 

1 H 

Thermal 

conductivity 

Moch 

Specific 
' impulse 

Area 

Thrust 

Specific 

ratio. 

p. 

T, 

h, 

weight, 

exponent, 

! 

number 


ratio. 

coefficient 

impulse. 

P c /P 

lb/iq in 


OT 


V 

1 micro 

k. 

M 

I_ 


C r 

I. 




7 

<ol/t * )<<*.!* 

poises 

itol/ tM< )(°tCHcr 
1 





'.IfeMwti/dbl 





R * 0.350. PERCENT FUEL 

* 26. 

47. 0/F 

= 2*778 




1.00 

300*00 

2344 

< 8692.6 

7.607 

1 .2379 ! 1.3936 

610 

0*00105 

0*000 



! 0.000 

. —j 

0*0 

1.05 

2B5.71 

2322 

; 6863.0 

7,608 

1.2391 

1.3850 

607 

.00104 

.281 

569, b 

2.194 

.20^ 

50»9 

1.20 

250.00 

2263 

8783.1 

7.610 

1.2425 

1.3629 

597 

•ooioi 

.347 

360.9 

1,272 

.393 

97.7 

1.40 

214.24 

2196 

8693.4 

7.611 

1.2463 

1.3398 

386 

.00098 

.747 

321.1 

1.060 

.3 31 

131.7 

1.60 

187.50 

2139 

8617.8 

7.612 

1.2495 

1 .3219 

076 

•0009? 

• 008 

311.7 

1.012 

.623 

134.7 

1.00 

166.26 

2086 

8551.5 

7.613 

1.2523 

1.3072 

367 

•00093 

1.000 

309.9 

1-000 

.694 

172.3 

2.00 

150.00 

2045 

849b. 0 

7.614 

1.2546 

1.2935 

339 

•00091 

1.089 

JlQ.0 

1.00? 

• 748 

183.8 

4.00 

75.00 

1771 

6151.2 

7.616 

1.2695 

1.2310 

006 

•00079 

1.390 

333.2 

1.2 73 

1.023 

234.0 

10.00 

30*00 

1451 

7766.9 

7.616 

1.2004 

1.1607 

434 

•00063 

2.149 

363.6 

2.119 

1.261 

= 313.0 

20.00 

15.00 

1238 

7524.1 

7.616 

1.3035 

1.1203 

301 

•00033 

2.549 

309.8 

3.201 

1. 390 

! 343.1 

20.41 

14.70 

1232 

7517.5 

7.616 

1. 3J40 

1.1 192 

379 

•00033 

2.361 

3o fa • 4 

3.325 

1.393 

345.9 

40.00 

7.50 

1051 

7317.5 

7.bl6 

1.3108 

1.0 794 

330 

•00046 

2.952 

402.4 

5.189 

; 1.491 

370.2 

100.00 

3.00 

838 

7092.6 

7.616 

1.3364 

1.0365 

267 

•0003b 

3.311 

419,8 

9.670 

1.594 

395.6 

200.00 

1.50 

702 

6953.6 

7.616 

1.3474 

1.0119 

223 

•00030 

3.964 

430.2 

15.630 

1.634 

4 1q • 8 

400.00 

.75 

5B6 

6837.4 

7.616 

1.3503 

.9934 

189 

•00023 

4.433 

430.6 

25.353 

1.703 

422.9 : 

1000.00 

.30 

460 

6712.9 

7.616 

1.3633 

.9 791 

148 

• 00U 1 9 

5.161 

447.3 

48.298 

1.734 

435.5 : 

2000.00 

. 15 

362 

6636.9 

7.616 

1.3bo4 

.9692 

121 

•00016 

5.751 

432.8 

78.06b 

1. 784 

44 3.0 ; 

4000.00 

.08 

317 

6573, 9 

7.61b 

1.37oj 

.9396 

96 

•00013 

6.392 

457.2 

120.9/3 

i. 009 

449.2 




R = 0.400. PERCENT FUEL 

= 23*95. 0/ F 

= 3.175 




1.00 

300*00 

2565 

8050.5 

0.389 

1.2137 

1.4207 

662 

0*00114 

0*000 


' 

0*000 

0*0 

1.05 

285.71 

2543 

8021.0 

8.390 

1.2170 

1.4064 

650 

: .00112 

.284 

367.8 

2.181 

.204 

50.7 

1.20 

250.00 

2484 

7941.5 

8.395 

1.2205 

1.3764 

649 

•00109 

,351 

360.1 

1.267 

.391 

97. 4 

1.40 

214.29 

2417 

7832.1 

8.399 

1.2247 

1.3423 

630 

•00103 

.753 

320. 7 

1.065 

• 3*8 

131.4 

1.60 

187.50 

2359 

7776,7 

6.403 

1.22c j 

1.3103 

629 

•ooioi 

.894 

311.6 

1,011 

. 620 

1 54. 

1.79 

167.44 

2310 

7714.^ 

6.405 

1 • ?3 1 3 

1.2941 

621 

, 00099 

1.000 

310.0 

1.000 

. 687 

171.1 

2.00 

150.00 

2263 

7654.1 

0 . 4 o 7 

1 .2342 

1.2752 

613 

•00096 

1.095 

311.0 

i *ao8 

. 746 

105.6 

4.00 

75.00 

1976 

7307.8 

8.414 

1.2508 

1.1657 

361 

.00003 

1.394 

334.2 

1.203 

1.021 

234.2 

10.00 

30*00 

1637 

6917.4 

8.416 

1.2698 

1.1119 

409 

•00069 

2. 148 

36 7.6 

2.132 

1.262 

314»o 

20.00 

15.00 

1409 

666 8.4 

6.416 

1.2042 

1.0&71 

434 

.00059 

2.344 

300.5 

3.334 

1.393 

396.8 

20.41 

14.70 

1403 

6661.6 

8.416 

1.2846 

1 .0636 

433 

.00039 

2.355 

309.1 

3.399 

1.397 

347.6 

40-00 

7.50 

1205 

6454.6 

8.416 

1.2991 

1 • 02 33 

380 

*00050 

2.939 

403. tt 

5.330 

1.497 

372 • 6 

100.00 

3.00 

970 

6220*2 

8.416 

1.3188 

• 9766 

313 

*00040 

3.400 

424,1 

10* 03b 

1.603 

399.1 

200.00 

1.50 

819 

6074.1 

0.416 

1.3316 

.9478 

266 

*00033 

3.919 

435.0 

16.294 

1.666 

414.7 

400.00 

.75 

687 

5951.2 

8.416 

1.3428 

.9230 

224 

*00027 

4.39Q 

443.9 

26.543 

1.717 

427.4 

1000.00 

.30 

542 

5818.7 

8.416 

1.3337 

.9038 

176 

.00021 

5.074 

433.3 

30.799 

1.770 

440*7 

2000.00 

.15 

452 

5737.5 

0,416 

1.3595 

.8929 

146 

.0001 7 

5.646 

439,0 

83.167 

j 1.002 

440.6 

4000.00 

I .08 

376 

5670.0 

8.416 

1.3650 

.8831 

119 

.00014 

6.269 

463.6 

136.362 

1.829 

455. 1 




R 

* 0.450 

. PERCENT FUEL 

= 21.87. 0/F 

= 3.571 




1*00 

300*00 

2755 

7354.5 

9.152 

1.1952 

1.5003 

7 0 5 

0*00125 

0*000 




i 0*000 

0*0 

1.05 

285.71 

2734 

7325.4 

9.155 

1. 1964 

1.4043 

7 

.00123 

.286 

^63. b 

2.169 

• 202 

' 50*3 

1.20 

250.00 ! 

2677 

7247,0 

9. L64 

1,1097 

1.4419 

693 

.00119 

.3 56 

357.9 

1.261 

.389 

96.7 

1.40 

214.29 j 

2611 

7158.7 

9. 173 

1 • 2036 

1.3939 

60 J 

•ocl 14 

.7 38 

3 19.1 

1.062 

.323 

130*5 

1.60 

187.50 

2555 

7084.0 

9. 180 

1. 2072 

1.3386 

670 

•ooiio 

• *00 

3 1 0 * 2 

1.010 

• 617 

153.4 

1.78 

168.67 

2510 

7026.0 

9.105 

1.2100 

1.3312 

668 

*00107 

1.000 

308.8 

1.000 

• 600 

169. 1 

2.00 

150*00 

2460 

6962.9 

9.190 

1.2132 

1.3023 

660 

*00104 

1.102 

310*0 

1.009 

.743 

104.6 

4.00 

75.00 

2173 

6616.3 

9.208 

1.2319 

1. 1697 

610 

■00088 

1.399 

333.9 

1.295 

1*020 

253.4 

10.00 

30*00 

1818 

6222.5 

9.213 

1.2529 

1.0717 

340 

• 0 0u7 2 

2.147 

360.2 

2.187 

1.263 

313.8 

20.00 

15.00 

1576 

5969.2 

9.216 

1.2667 

1.0246 

48 5 

.00063 

2.337 

389.0 

3,427 

1.397 

347.2 

i 20.41 

14.70 

1569 

5962.2 

9.216 

1.2671 

1.0233 

483 

.00063 

2.548 

390.3 

3.474 

S 1.401 

340.1 

40.00 

7.50 

1356 

5750.2 

9.21b 

1.2810 

.9831 

4?o 

.00054 

2.923 

407.7 | 

5.407 

1 . 3q3 

373.6 

100.00 

3.00 

1105 

5507.6 

9.216 

1.3007 

.932 7 

358 

•00043 

3.453 

*26.7 

lO.^Ol 

1.613 

400*9 

200.00 

1.50 

938 

5355.2 

9.216 

1.3101 

♦ 8999 

308 

.00036 

3.077 

4 38.2 

16.9o3 

1.670 

417.1 

400*00 

.75 

793 

5226.1 

9.216 

1.3201 

.8728 

261 

•00030 

4.331 

447.6 

27.008 

1.732 

430*3 

1000.00 

.30 ! 

630 

3086.2 

9.216 

1.3410 

.8463 

207 

•00023 

4.990 

4 3 7.6 

53.499 

1.706 

444.3 \ 

2000.00 

• 15 | 

527 

5000.0 

9.216 

1.3501 

.8313 

172 

*00019 

3.341 

463.6 

07.879 

1,021 

432.6 

4000.00 

.06 | 

440 

4927,9 

9.216 

1.3561 

.8211 

142 

■00016 

6.144 - 

i 

46b. 3 

144.400 

1.849 

*59.5 




R 

= 0.500 

percent FUEL 

* 20.12, O/F 

3.968 





1.00 

300.00 ! 

2915 ! 

6769.6 7 

9.891 

1.1779 

1.6231 

741 

0*00139 

0.000 



0.000 

0*0 

1.05 

285.71 j 

2895 i 

6741,2 

9.897 

1.1788 

1.6042 

738 

• 0 C 1 3 7 

.200 

357.9 

2. 150 

.201 

49.8 

1.20 

250.00 ! 

2841 

6664,3 

9.911 

1.1014 

1.5333 

730 

.00132 

.3 39 

334. t> 

1 . 2 7 6 

.307 

93.7 

1.40 

214.29 | 

2 778 

6577,6 

9.926 

1.1047 

1.4970 

721 

•00126 

.764 

316.4 

1.060 

.323 

129.3 

1.6Q 

187.50 | 

2724 

6304.1 

9.938 

1.18/8 

1.4302 

713 

.00121 

. *06 

307.9 

1.009 

.613 

152*0 

1.77 

169.85 

2684 

6450.6 

9,946 

1.1901 

1.4168 

707 

.00118 

1.000 

306.6 

1.000 

.6 74 

166.6 

2.00 

150.00 

2633 

6384.7 

9.936 

1.1932 

1.376o 

699 

.00114 

1.100 

307.9 

l.olo 

• 740 

103.0 j 

4.00 

75.00 

2352 

6040.6 

9.993 

1.21*1 

1.1932 

634 

*00094 

1.604 

332 .6 

1 . 3o 7 

1.019 

231.9 

io.oo i 

30.00 

ivy2 

3645.6 

10*012 

1.2309 

i *0o0o 

387 

.00076 

2.143 

367.7 

2.224 

1.263 

312.7 ! 

20.00 ; 

15.00 

1740 

5389.3 

10*015 

1.2009 

.9916 

033 

*00066 

2.529 

389.9 

3.304 

1.401 . 

346.6 

20.41 | 

14.70 

1732 ' 

5382.2 

10.015 

1.2513 

.9902 i 

331 

•00066 

2.340 

390.5 

3.333 

1.400 ! 

34 7.3 ; 

40.00 • 

7.50 

1509 :■ 

5166.1 

10.016 

1.2644 

.9491 

477 . 

•00057 

2.910 

400.4 

3,642 

1.311 

373.3 ; 

100.00 

3.00 

1240 

4916.8 

10*016 

1.2833 

.8988 

4 q4 

• 00046 s 

3.427 

420.2 

10.777 

1.624 

4 o 1 * 5 

200.00 

1.50 

1060 

4758.9 

10.018 

1.2902 

.8638 

350 

.00039 | 

3.837 

440.2 

17.699 

1.691 

418.3 

400.00 

.75 

902 

4624.2 

10.016 

1.3123 

.8336 

3 00 

.00032 ; 

4.275 

450.1 

29.139 

1.747 

432.1 

1000.00 

.30 

722 

4477,1 

10.018 

1.3289 | 

.8015 

c40 

♦00025 

4.900 

460.6 

56.410 

1.806 

446.6 

2000.00 

.15 

607 

4386.0 

10*016 

1.3307 

.7042 

*0* 

• 00 J2 1 

3.439 : 

*66.9 

93.013 

1.041 

433.4 ! 

4000.00 

.08 

5 Qd 

430^.5 

10*016 

1.34 72 

.7698 

167 

•00017 

6. C18 - 

472 .2 

153.4Q4 

1.071 

462 . 7 


. 1 . 
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FOR 

LIQUID HYDROGEN WITH LIQUID OXYGEN 


[Equivalence ratio, R; oxidant-fuel ratio, 0/F.] 

(c) Continued. Combustion-chamber pressure, 300 pounds per square inch absolute; 
equilibrium composition during isentropic expansion 


Pressure 

ratio, 

•J./P 

Static 

pressure, 

P, 

*>/*•" 

abt 

Temp- 

erature 

T, 

°K 

Enthalpy, 

h. 

cot/t 

Molecular 

TO 

Isentropic 

exponent 

7 

T 

i Specific 
heal 

! Cp 

Viscos* 

V, 

micro 

poises 

Thermal 

conductivity 

k. 

Mach 

number 

M 

Specific 
impulse 
in vacuum 
I m 

Area 

ratio, 

e 

Thrust 1 Specific 
coefficient] impulse, 

c F 1 t 

jlMieci/llbl 





R = 0.600, PERCENT FUEL 

= 17. 

35. J/F 

= 4.762 



1*00 

300-00 

3155 

5841.6 

11.290 

1.1529 

1.9667 

| 796 

0*00174 

0.000 



0*000 

0*0 

1.05 

285.71 

3137 

5814,6 

11.300 

1.1532 

1.9446 

i 794 

.00172 

.291 

543.6 

2.140 

• 200 

48.5 

1.20 

250.00 

3089 

5741.6 

11.326 

1.1544 

1.8842 

707 

• 0C166 

.565 

346.0 

1.246 

.384 

93.3 

1. AO 

214.29 

3033 

5658.9 

11.354 

1.1560 

1.8145 

760 

.00^59 

.772 

309.3 

1.056 

.519 

126.1 

1.60 

187.50 

2985 

5588,7 

11.378 

1.1576 

1. 7545 

773 

•00152 

.916 

301.* 

1.007 

.611 

140.4 

1.75 

171.73 

2953 

5543* 1 

. 11.393 

1.1588 

1.7154 

768 

.00149 

1.000 

300.2 

1.000 

.663 

161.2 

2.00 

150.00 

2904 

5474 . L 

11.415 

1.1608 

1.6539 

761 

.00143 

1.119 

301.8 

1.013 

.736 

176.8 

4.00 

75.00 

2652 

5140.3 

11.510 

1.1743 

1.3741 

724 

.00113 

1.615 

327.7 

1.3*6 

1.017 

247.0 

10.00 

30.00 

2311 

4749.0 

11.583 

1.1992 

1.0964 

667 

•00068 

2.144 

364,3 

2.303 

1.269 

306.3 

20.00 

15.00 

2054 

4489.6 

11.606 

1.2185 

.9752 

618 

•00073 

2.51* 

387.6 

3.673 

1.412 

343.0 

20.41 

14.70 

2047 

4482.6 

11.607 

1.2190 

.9726 

616 

•00073 

2.322 

388.2 

3.726 

1.416 

343.9 

40.00 

7.50 

1808 

4260.9 

11.614 

1.2346 

.9053 

365 

.00063 

2.877 

407.2 

5.977 

1.527 

370.9 

100.00 

3.00 

1512 

4001.1 

11.616 

1.2523 

.8496 

49* 

•0005* 

3.371 

428.3 

1 1 . 5 7«t 

1.647 

400*2 

200. 00 

1.50 

1311 

3834.0 

11.616 

1.2639 

.8145 

4 36 

.00045 

3.761 

441,3 

19.216 

1. 721 

418.0 

400.00 

.75 

1130 

3689,5 

11.616 

1.2802 

.7815 

381 

•00038 

4.171 

452.2 

31.993 

1.7B1 

*32.7 

1000.00 

.30 

919 

3529.3 

11.616 

1.2993 

.7427 

31* 

•00030 

4.757 

463,6 

62,603 

1*847 

448.6 

2000.00 

.15 

782 

3428.6 

11.616 

1.3126 

.7183 

265 

| .000*5 

5.244 

470.9 

104.524 

1.886 

458.2 

4000.00 

.08 

661 

3343,2 

11.616 

1.3242 

.6988 

2*3 

•00020 

5.7 76 

476.8 

173.763 

1.919 

466.3 





= 0.700, PERCENT FUEL 

= 15.25, O/F 

= 5.556 




1.00 

300.00 

33C7 

5138.3 

12.574 

1.1378 

2.3992 

636 

0*00*17 

0*000 



0*000 

0*0 

1.05 

265.71 

329 1 

3112.9 

12. 5bb 

1.13/8 

2.3785 

634 

1 .00*13 

.293 

5*7.6 

2.129 

. 196 

47.0 

1.20 

250.00 

3246 

5044.0 

12.625 

1.13 79 

2. 3*04 

6 28 

« 00*06 

.369 

336.2 

1.244 

. 382 

90*6 

1.40 

214.29 

3198 

4966.0 

12,667 

1.1382 

2.2312 

621 

.00*01 

. 777 

300.7 

1.053 

.517 

1*2.4 

1 . 60 

187.50 

3156 

4o99.5 

12.702 

1.1386 

2 . 1696 

813 

.00194 

.9 2* 

293,1 

1*006 

.600 

144. 1 

1.73 

172.98 

3130 

4859.9 

12.723 

1. 1389 

2.1320 

bll 

.00190 

1.000 

*92.3 

1.000 

.657 

155.6 

2.00 

150.00 

3085 

4790.8 

12.759 

1.1395 

2.0841 

803 

•00183 

1.127 

2 94.1 

1.014 

.734 

173.9 

4.00 

75.00 

2865 

4471.7 

12.920 

1.1434 

1.7441 

774 

.00150 

1.625 

320.4 

1.344 

1.016 

240.8 

10.00 

30.00 

2569 

4091 . 1 

13.08 1 

1.1620 

1.3258 

728 

.00110 

2.149 

358.1 

2.374 

1.274 

301.9 

20.00 

15.00 

2335 

3833.6 

13.157 

1 .1811 

1.0849 

667 

.00000 

2.503 

382.5 

3.843 

1.42* 

336.9 

20.41 

14.70 

2326 

3826.4 

13.159 

1.1017 

1.0791 

686 

•00087 

2.313 

363.1 

3.900 

1.426 

337.9 

40.00 

7.50 

2095 

3602.0 

13.196 

1.2020 

.9*94 

641 

*00072 

2.846 

403.2 

6.337 

1. 543 

365.6 

100.00 

3.00 

1785 

3334,7 

13.213 

1.224b 

.6*33 

573 

•00050 

6.31* 

425.6 

12.441 

1.67* 

396. 1 

200.00 

1.50 

1566 

3160*2 

13.216 

1.2378 

. 7635 

316 

» 000 50 

3.60* 

439.6 

20*858 

1.751 

414.9 

i 400-00 

.75 

1366 

3007.3 

13.216 

1.2508 

• 7500 

462 

•000^3 

4.070 

451. 4 

35.080 

1.017 

430-6 

1000.00 

.30 

1133 

2835.4 

13.216 

1.269Q 

. 7094 

389 

* 00j3 6 

4.616 

464,2 

69.641 

1.689 

447.6 

2000.00 

• 15 

975 

2725,7 

13.216 

1.2833 

.6611 

337 

•000*9 

5.065 

472.1 

117.461 

1.933 

450.2 

4000.00 

.08 

834 , 

1 2631,6 

13.216 

1.2972 

• 6564 

*88 

•00024 

5.551 

478.7 

197.192 

1.971 

467.0 




R 

= 0.800 

» PERCENT FUEL 

= 13.60, O/F 

* 6*349 
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150.00 

31'89 

4259.9 
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1.1443 

1.4265 

737 

•00118 
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R 

= 0.900 

PERCENT FUEL 

= 12.28, O/F 
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II. - Continued. 


(c) Continued. 


THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FOR 

LIQUID HYDROGEN WITH LIQUID OXYGEN 

[Equivalence ratio, R; oxidant-fuel ratio, O/F.j 

Combustion-chamber pressure, 300 pounds per square Inch absolute; 
equilibrium composition during isentr>plc expansion 


Pressure 

ratio, 

P c / p 


Static 

pressure, 

P, 

Ib^qin. 

okn 


T _ “T ' 

Temp £ nt h a |p r Molecular 
eroture,. , ■ 1 4 

I h, weight, 

r.J «*</« TJ1 


isentropk 

exponent, h * fo, ' 

v cp . 

7 | cal/leiriu 


viscos- 

ity. 

It, 

micro 
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Thermal 
corvductiv y, 

k, 

n°K: cm; 


Mach 

Specific 

impulse 

Area 

number 

in vocuum. 

ratio, 

M 

r ¥<K 

E 


itbiiwc;</% 



R = 1.000. PERCENT FUEL = 11.19, O.F =* 7.937 


| Thrust Specific 

coefficient j impulse. 

: C f I. 

h . Ibil-wc M> I 
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R 

- 1.500 
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1 3 7 « 2 14 1.99 1 j 3b 1 • 4 
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= 2.000 
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= 5.927, U F 
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1.2734 

.3680 

444 

«00C 21 

3.802 

2 73.4 

400-00 
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318.2 


70.973 

1.894 

331.0 

119.641 | 

1.940 

338.9 

201-392 

1.978 

345.3 


0*000 

o.o 

2.140 

*2 00 

30.5 

i .232 

.303 

96.6 

1.038 

.321 

/9.2 

1.006 

.613 

93.1 

1.000 ; 

.666 

101.6 

1.012 

. 738 

112.2 

1.317 I 

1.018 

134.7 


2.261 | 
3.684 ; 
3.634 : 
6 » 8 Q2 


1.267 

1 . 4Qb 

1.410 

1.61o 


192.6 ; 
213.8 | 
214.4 j 
230*8 ; 


11.177 

18.498 

3Q. 718 


1 ,636 
1. fO? 
1. 764 


248.6 : 
269. 3 ! 
268.2 | 


60*164 ; 
99.966 
163.837 I 


1.626 
1 • 664 
1,896 


2/7.7 | 
283.6 ! 
2 68.3 
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TABLE IX. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FOR 


LIQUID HYDROGEN WITH LIQUID OXYGEN 

[Equivalence ratio, R; oxidant-fuel ratio, 0/F.] 

(c) Concluded. Combustion-chamber pressure, 300 pounds per square inch absolute; 
equilibrium composition during isentropic expansion 


Pressure 

ratio. 

Static 

pressure, 

P, 

— 

Temp 

erature, 

T, 

U K 

Enthalpy 

h, 

Molecular 

weight. 

Isentropic 

exponent. 

heat, 

Viscos- 

ity, 

Mr 

Thermal 

conductivity. 

Moch 

number 

Specific 
impulse 
in vacuum. 

Area 

ratio, 

Thrust 

coefficient, 

Specific 

impulse 

I, 

P c /P 

lb/tq>n 

obi 

caJ./g 

TO 

7 

C P 

caJ/i.g!i "Kj * 

micro 

poise* 

k, 

M 

L«. 

|lb!CMcl/fc 

€ 

C F 




P 

= 4.000, PERCENT FUEL 

= 3.064, 0/F 

=31 . 74fc 




1.00 

300.00 

2372 

1054.4 

26.30? 

1.1993 



0*4836 

B04 

0*00046 

c-ooo 



0* 000 

0-0 

1.05 

285.71 

2354 

1045 ♦ 7 

26. 312 

1.2005 

.4 796 

800 

.00046 

.286 

508.5 

2. 172 

.203 

27.5 

1.20 

250-00 

2303 

1022, 2 

26.327 

1.2040 

• 4c 89 

789 

.00044 

.555 

195.8 

1 .262 

.390 

52.9 

1.40 

214.29 

2244 

995.8 

26.341 

1.2080 

* 4 5 74 

776 

.00043 

. 757 

174.5 

1.063 

. 526 

71.4 

1.60 

187.50 

2194 

973.4 

26.352 

1.2 U5 

.4481 

765 

.00041 

.899 

169. / 

1.010 

■ bib 

03.9 

i.7e 

168.42 

2153 

956.8 

26.360 

1.2143 

.44 12 

755 

-00040 

1 .uoo 

168 .y 

1.000 

.682 

92.6 

2.00 

160.00 

2110 

937.2 

26.367 

1.21/3 

• 434 1 

745 

•00039 

1- 100 

169,5 

1.009 

• 743 

101*0 

4.00 

75.00 

1859 

833.7 

26.394 

1.2340 

>4010 

685 

.00034 

1.599 

c 6 2 > 5 

1.294 

1.020 

138.6 

10.00 

30.00 

1565 

716.2 

26.404 

1.2517 

.3749 

605 

•00028 

2.149 

2Q1.2 

2.184 

1.263 

171.6 

20-00 

15.00 

1349 

640.5 

26.406 

1.2631 

.3614 

547 

« 0002 5 

2.541 

2 13 .0 

3.426 

1.397 

189.8 

20.41 

14.70 

1343 

638.5 

26.406 

1.2634 

.3611 

545 

•00025 

2.552 

2 13,4 

3.474 

1.400 

190-2 

40.00 

7.50 

1166 

576.1 

26.406 

1.2740 

. 3499 

49 1 

• 0 0'j2 2 

2.930 

222.9 

5.499 

1.503 

204.2 

100.00 

3.00 

952 

502. 2 

26.406 

1.2895 

.3352 

421 

.00018 

3.457 

233.4 

10.472 

1 . 6 1 4 

219.2 

200.00 

1.50 

813 

456.3 

26. 4Q6 

1.3021 

.3243 

372 

.00016 

3.875 

239.5 

17.179 

1.679 

22 b. l 

400.00 

.75 

690 

417,1 

26.406 

1.3153 

.3139 

325 

.00013 

4.319 

245.1 

28 . 266 

1. 733 

235. 5 

1000.00 

.30 

552 

374.5 

26.406 

1.3331 

.3012 

270 

•00011 

4.957 

250.7 

54.663 

1.791 

243.2 

2000*00 

.16 

463 

348.0 

26.406 

1.3439 

. 2 928 

232 

-00009 

5.49Q 

2 54.0 

89.984 

1.825 

247.9 

4000.00 

.08 

386 

326.0 

26.406 

1 « 3 3b4 

• 2864 

197 

•00007 

6.077 

256.8 

147.985 

1.853 

2 5 i . 8 




R 

* 5.000 

, PERCENT full 

= 2.458, O/F 

=39.683 




1.00 

300*00 

2069 

855.0 

27.313 

1.2295 

0.3968 

742 

0-00036 

0-000 



0-000 

0*0 

1.05 

285.71 

2051 

847,7 

2 7.315 

1.2306 

• 3947 

737 

-00036 

.282 

28c .5 

2. 189 

.204 

25.2 

1.20 

250*00 

2000 

828.0 

^7.319 

1.2337 

. 3893 

725 

-00035 

. 548 

179.1 

i.270 

.393 

48.5 

1.40 

214.29 

1942 

805.9 

2 7. 324 

1.2371 

.3835 

711 

-00034 

.749 

159.4 

1.066 

.529 

6 5.4 

1.60 

187.50 

1893 

7 6 7.3 

27.327 

1.2400 

.3790 

699 

-00033 

.891 

154.8 

1.0 i 1 

.622 

76.8 

1.80 

166.83 

1851 

771.4 

27.329 

1 .2424 

.3753 

6B9 

-00032 

1 . ooo 

153.9 

1.000 

.691 

85.3 

2.00 

150*00 

1813 

757.2 

27.331 

1.2445 

. 3 722 

679 

-00031 

1 .092 

154.4 

1.007 

. 747 

92.2 

4.00 ' 

75.00 

1578 

671.9 

27.33/ 

1.25a 7 

.3504 

617 

*00028 

1 .594 

165.8 

1.28 1 

1. 022 

126*2 

10.00 . 

30.00 

13 03 

576.1 

27.339 

1.2709 

.3411 

539 

-0002 3 

2 .152 

182 .2 

2.143 

1.26,2 ; 

155. b 

20. 00 

15.00 

1122 

516.1 

27.339 

1.2815 

.3309 

484 

•00020 

2.550 

192 .6 

3.342 

1.393; 

172.Q 

20.41 

14.70 

1117 

513.5 

27.339 

1.2019 

.3306 

4 B 2 

•00020 

2 .562 

192.9 

3.308 

1.396 

1/2.4 

40.00 

7.50 

961 

462.6 

27.339 

1.2929 

. 3209 

432 

.00018 

2.947 

201-2 

5. 330 | 

1.496 

184.7 

100.00 

3.00 

777 

405.0 

27.339 

1.3095 

.3076 

367 

•00015 

3.487 

210-3 

10*066 

1.603 

197.9 

200. 00 

1.5C 

658 

368.9 

27.339 

1,3227 

.2979 

321 

.00012 

3.* 19 

215.8 

16.399 

1.666 

2 q5 . 7 ' 

400.00 

♦ 75 

5 54 

338.5 

! 27.339 

1 . 3364 

.2887 

279 

•oooll 

4. 380 

220. 3 

26.792 

1.717 

212.0 

i 1000.00 

.30 

438 

305.5 

1 27.339 

1.3536 

.2762 

229 

.00008 

5.049 

225.0 

51.338 

1.771 

218.7 

2000.00 

.16 

365 

285.3 

27,339 

1 .3633 

.2726 

195 

-00007 

5.613 

227.8 

83.976 

1.803 

222.6 

4000.00 

.08 

303 

268.6 

27.339 

1.3-97 

.2093 

164 

-00006 

6. 2 35 

230-1 

137.439 

1.830 

225.9 



: 

1 

| 

! 

i 

i 










i 
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TABLE II. - Continued . THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FOR 

LIQUID HYDROGEN WITH LIQUID OXY 3EN 

[Equivalence ratio, R; oxidant-fuel ratio, 0/F.J 

(d) Combustion-chamber pressure, GOO pounds per square inch absolute; equilibrium 
composition during Isentropic expansion 


Pressure 

ratio, 

P c /P 

Static 

pressure, 

P, 

obt 

Temp- 

erature, 

T. 

°K 

Enthalpy, 

h. 

tat/» 

Molecular 

weight, 

W 

ben tropic 
exponent, 

7 

Specific 

heot, 

V 

ed/< 9 >!*K>' 

Vi leas- 
in', 

V-, 

micro 

poises 

Thermal 

conductivity 

k, 

cal/(w,)< 0 K)lc 

Moch 

number 

M 

Specific 
impulse 
in vacuum, 

'■>>«•* l/b 

Area 

ratio, 

E 

Thrust 

coeffioenr 

c F 

Specific 

impulse, 

1 

i *>)(«•< 1/ (lb t 





- 0.150. PERCENT FUEL 

■ 45.65. O/F 

- 1*190 




1.00 

600*00 

1163 

5313.5 

4.416 

1.3396 

1.7753 

314 

0.00073 

0*000 



0*000 

0*0 

1.05 

571.43 

1168 

5287.7 

4.416 

1.3406 

1.7710 

311 

•00073 

• 271 

530*0 

2.250 

.210 

47.4 

1.20 

500.00 

1129 

52 1 8 . 6 

4.416 

1.3436 

1.7597 

3 0 3 

•00070 

• 527 

334.2 

1.297 

.403 

9o*B 

1.40 

428.57 

1085 

5141.8 

4.416 

1.3469 

1.7472 

293 

•00068 

.722 

296.1 

1.081 

.543 

122.2 

1.60 

375.00 

1049 

5077.7 

4.416 

1.3497 

1.7370 

285 

•00066 

• 860 

286.6 

1.018 

.636 

143.2 

1.87 

321.68 

1006 

5006.8 

4.416 

1.3528 

1.7256 

276 

•00063 

1*000 

284.1 

1.000 

♦ 725 

163.4 

2.00 

300.00 

989 

4975.4 

4.416 

1.3541 

1.7210 

272 

*00062 

1.059 

284.4 

1.003 

.761 

171.5 

4.00 

150.00 

824 

4693.4 

4.416 

1.3651 

1.6824 

2 34 

•00052 

1.566 

301.7 

1.233 

1.031 

232.3 

10.00 

60.00 

643 

4392.5 

4.416 

1.3748 

1.6506 

188 

•00042 

2.15 2 

327.5 

1,974 

1.257 

203.1 

20.00 

30.00 

532 

4209.8 

4.416 

1.3799 

1.6345 

159 

•00035 

2.586 

343.5 

2.983 

1.376 

309.9 

40.00 

15.00 

439 

405B.9 

4.416 

1.3824 

1,6269 

133 

•00029 

3*031 

356.4 

4.620 

1.467 

330*4 

40.83 

14.70 

437 

4054.8 

4.416 

1.3824 

1.6267 

132 

•00029 

3.044 

356.8 

4.682 

1.469 

330.9 

100.00 

6.00 

340 

3899 1 0 

4.416 

1.3883 

1.6089 

1q4 

•00023 

3.648 

369.8 

8.432 

1.558 

350.8 

200. 00 

3.00 

280 

3802.6 

4.416 

1.3930 

1.5951 

65 

•00016 

4.148 

377,7 

13.431 

1.610 

362.6 

400.00 

1.50 

230 

3723.2 

4.416 

1.4069 

1.5550 

70 

•00015 

4.674 

384.1 

21.468 

1.652 

372.0 

1000.00 

.60 

175 

3640.1 

4.416 

1.4347 

1.4852 

55 

•oooii 

5.438 

390.6 

39.928 

1.694 

381.6 

2000.00 

.30 

142 

3590.9 

4.416 

1.4552 

1.4387 

45 

•00009 

6.096 

394.3 

63.572 

1.719 

387.2 

4000.00 

.15 

114 

3551.2 

4.416 

1.4717 

1,4039 

36 

•00007 

6.842 

397.3 

100*938 

1,739 

391.6 




R 

* 0.200 

, percent fuel 

« 38*65, O/F 

- 1.587 




1.00 

600.00 

1514 

2969.7 

5.216 

1.3078 

1.6187 

4Q2 

0-00084 

o«ooo 



0*000 

0*0 

1.05 

571.43 

1497 

2941.7 

5.216 

1.3009 

1.6143 

399 

•00083 

.274 

552.1 

2.233 

.209 

49.3 

1.20 

500*00 

1450 

2866.8 

5.216 

1.3119 

1.6024 

389 

•00061 

.533 

348.6 

1.289 

• 400 

94.6 

1.40 

428.57 

1398 

2783.1 

5.216 

1.3154 

1.5808 

378 

•00078 

• 730 

309.3 

1.077 

.539 

127.4 

1.60 

375.00 

1354 

2713.2 

5.216 

1,3105 

1.5773 

369 

•00076 

• 869 

299.6 

1*016 

.632 

149.4 

1.85 

324.94 

1307 

2640.5 

5.216 

1.3217 

1.5651 

359 

•00073 

1*000 

297.3 

1*000 

• 716 

169.2 

2.00 

300.00 

1282 

2601.1 

5.216 

1.3236 

1.5584 

353 

•00072 

1.068 

297. B 

1*004 

.757 

179.1 

4.00 

150.00 

1079 

2290.0 

5.216 

1.3391 

1.5046 

307 

•00061 

1.572 

316.7 

1*244 

1.029 

243*2 

10.00 

60.00 

852 

1954.3 

5.216 

1.3558 

1.4516 

251 

•00048 

2,148 

344.7 

2.009 

1.257 

297.2 

20.00 

30-00 

709 

1748.6 

5.216 

1.3656 

1.4232 

213 

•00040 

2.573 

362.0 

3.049 

1.379 

325.9 

4 0.00 

15.00 

588 

1578.0 

5.216 

1.3715 

1.4066 

179 

•00034 

3.010 

376.0 

4.739 

1.472 

340*0 

40.83 

14.70 

585 

1573.4 

5.216 

1.3716 

1.4062 

178 

•00034 

3*023 

376.4 

4.802 

1.474 

348.6 

100.00 

6.00 

458 

1396.3 

5.216 

1.3770 

1.3916 

142 

•00026 

3.619 

390.5 

8.679 

1.565 

370*0 

200.00 

3.00 

379 

1286.1 

5.216 

1.3811 

1.3008 

117 

•00022 

4.111 

399.1 

13.870 

1.619 

382.7 

400.00 

1.50 

312 

1195.2 

5.216 

1.3858 

1.3684 

96 

•00016 

4.638 

406.1 

22.296 

1.662 

393.0 

1000.00 

.60 

242 

1098.9 

5.216 

1.3972 

1.3402 

74 

.00013 

5.394 

413.4 

41.979 

1.706 

403.5 

! 2000.00 

.30 : 

198 

1041.1 

5.216 

1.4157 

1.2976 

61 

•oooii 

6.014 

417.7 

67.687 

1.733 

409.7 

i 4000.00 

.15 : 

161 ; 

993.9 

5.216 

1.4362 

1.2543 

50 

•00009 

6.701 

421.1 

108.754 

1.754 

414.6 

R 

1 0.250 

. PERCENT FUEL 

* 33.5 

1 » O/F 

* 1.984 




1.00 

600*00 

1817 

1249.3 

6.016 

1.2827 

1.4990 

rilT 

0.00092 

0*000 



0.000 

o.o 

1.05 

571.43 

1797 

1220,2 

6.016 

1.2837 

1.4955 

477 

.00091 

• 276 

563.4 

2.216 

.20? 

50.3 

1.20 

500.00 

1745 

1142.1 

6.016 

1.2865 

1.4840 

467 

.00)6 9 

.538 

356.2 

1.2B3 

.398 

96.6 

1.40 

428.57 

1686 

1054.7 

6.016 

1.2896 

1.4712 

456 

.00086 

.7 36 

316.3 

1.073 

• 5 36 

130*1 

1.60 

375.00 

1636 

981.5 

6.016 

1.2924 

1.4604 

446 

•00064 

.876 

306.6 

1.015 

• 629 

152.7 

1 .S3 

327.61 

1587 

909.9 

6.016 

1.2982 

1.4494 

436 

•00001 

1.000 

304.5 

1*000 

.706 

171.8 

2.00 

300*00 

1555 

863.9 

6.016 

1.2971 

1.4423 

429 

♦00060 

1-076 

305.1 

1,005 

.754 

183.1 

4.00 

150.00 

1322 

535,1 

6.016 

1.3125 

1.3074 

370 

•00060 

1.578 

325.5 

1.256 

1.027 

249.3 

10.00 

60*00 

1057 

176; l 

6.016 

1.3329 

1 .3225 

314 

•00054 

2.147 

355.3 

2.048 

1.258 

305*6 

20.00 

30*00 

887 

9954.0 

6.016 

1.3460 

1.2049 

269 

.00046 

2.563 

373.7 

3.127 

1.382 

335.7 

40.00 

15.00 

741 

9768.1 

6*016 i 

1.3568 

1.2360 

228 

•00030 

2.987 

388,7 

4,603 

1.478 

359.0 

40.83 

14.70 

737 

9763.1 

6.016 j 

1.3571 

1.2552 

227 

•00036 

3.000 

389,1 

4,949 

1.481 

359.6 

100.00 

6.00 

581 

9569.0 

6.016 ' 

1.3663 

1.2321 

181 

.00030 

3.581 

404.2 

8*985 

1.575 

382.4 

200.00 

3.00 

482 

9447.8 

i 6.016 | 

1.3717 

1.2189 

151 

.00025 

4.064 

413.4 

14.396 

1.630 

395.9 

400.00 

1.50 

399 

9347.3 

6.016 

1.3755 

1.2100 

125 

•00020 

4.582 

420.9 

23.208 

1.675 

9Q6.8 

1000.00 

.60 

310 

9240.5 

6.016 ! 

1.3020 

1. 1949 

95 

•00015 

5.327 

428.7 

43.893 

1.722 

418.1 

2000.00 

.30 

256 

9175.9 

6.016 

1.3803 

1.1810 

7 B 

•00012 

5.945 

433.4 

71.279 

1.749 

424.7 

4000.00 

.15 

210 

9122.7 

1 6.016 

1.4Q37 

1 . 1485 

64 

•oooio 

6 . fa 06 

437.2 

115.650 

1.771 

430*2 




R 

* 0.300 

, PERCENT FUEL 

« 29.57, 0/F 

- 2.381 




1.00 

600.00 

2094 

9932.7 

6.615 

1.2613 

1.4145 

551 

0.00098 

0.000 



0*000 

0*0 

1.05 

571.43 

2073 

9903.1 

6.815 

1.2623 

1.4097 

547 

•000® 7 

.279 

568.6 

2.206 

.206 

50*8 

1.20 

500*00 

2016 

9823.5 

6.815 ; 

1.2650 

1.3967 

537 

•00095 

.542 

359.8 

1.277 

.396 

97.5 

1.40 

428.57 

1952 

9734.3 

6.815 

1.2661 

1.3825 

525 

•00092 

• 742 

319.8 

1.071 

.533 

131.4 

1.60 

375.00 

1 B 98 

9659.4 

6.816 

1.2700 

1.3706 

515 

.00009 

• 862 

310*3 

1.013 

.626 

154.2 

1.62 

330.21 

1 B4 7 

9589.9 

6.816 

1.2734 

1.3598 

5 0 5 

•00067 

1.000 

308*3 

1*000 

.701 

172.7 

2.00 

300.00 

1809 

9538.8 

6.816 

1.2753 

1,3519 

498 

.00065 

1*082 

309.1 

1*006 

.751 

185.1 

4.00 

150.00 

1553 

9199.6 

6.816 

1.2894 

1.2991 

445 

•00074 

1.585 

330*6 

1.266 

1.025 

252.6 

10.00 

60.00 

1257 

0825.3 

6.816 

1.3095 

1.2336 

375 

•00060 

2.148 

361.8 

2.085 

1.260 

3 10*4 

20.00 

30.00 

1064 

8591.1 

6.816 

1.3248 

1.1891 

325 

•00051 

2.555 

381.2 

3.206 i 

1.366 

341.7 

40.63 

14.70 

891 

8388.2 

6.816 

1.3308 

1,1522 

277 

•00042 

2.981 

397.4 

5.106 

1.488 

366.6 

40.00 

15.00 

895 

8393.6 

6.816 

1.3364 

1.1531 

279 

•00042 

2.968 

397.0 

5.037 

1.485 

366*0 

100.00 

6.00 

707 

8180.3 

6.816 

1.3530 

1.1174 

223 

•00033 

3.544 

413.5 

9.324 

1.585 

390*5 

200.00 

3*00 

59Q 

8049.6 

6.816 

1.3603 

1.1007 

187 

•00027 

4.013 

423.3 

14.993 

1.643 

404.8 

400-00 

1.50 

490 

7940.8 

6.816 

1.3666 

1.0«47 

156 

•00023 

4*517 

431.3 

24.234 

1.689 

416.3 

1000.00 

.60 

383 

7824.8 

6.816 

1.3723 

1.0746 

120 

•00017 

5.247 

439.6 

45,999 

1.738 

428*3 

2000.00 

• 30 

317 

7754.3 

6.816 

1.3775 

1.0630 

98 

•00014 

5.852 

444,6 

74.912 

1.767 

435.4 

4000.00 

.15 

262 

7696,0 

6.816 

1.3827 

1.0534 

80 

•oooii 

6.510 

448.7 

122.185 

1.790 

441.2 
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FOR 

LIQUID HYDROGEN WITH LIQUID OXYGEN 

[Equivalence ratio, R; oxidant-fuel ratio, 0/F.] 

(d) Continued. Combust ion- chamber pressure, 600 pounds per square inch absolute; 
equilibrium composition during isentropic expansion 


Pressure 

ratio, 

P c /P 

Static 

pressure, 

P, 

lb /m<n. 

Temp- 

erature 

T, 

°K 

Enthalpy, 

h, 

col/g 

Molecular 

weight, 

'TO 

Isentropic 

exponent, 

Y 

Specific 

heot, 

C P. 

Viscos 

ify, 

A, 

micro 

poises 

Thermal 

conductivity, 

k, 

cal/| l(cm 

Moch 

number 

M 

Specific 
impulse 
in vocuum 

(fejlWO/lb 

Area 

ratio, 

e 

Thrust 

coefficient 

C F 

Specific 

impulse 

l 

ilbi-:*«!/rlbi 





- 0.350* PERCENT FUEL 

- 26.47» 0/F 

- 2.77 




1.00 

600.00 

2347 

8892.8 

7.610 

1.2410 

1.3691 

611 

0.00104 

o.uoo 


— 

0.000 

0.0 

1.05 

571.43 

2325 

8863.0 

7.610 

1.2421 

1.3621 

608 

•00103 

• 261 

5 70.0 

2.195 

.206 

60.9 

1.20 

500.00 

2266 

8783.0 

7.611 

1.2451 

1.3440 

598 

.00100 

.546 

361.0 

1.273 

• 394 

97.7 

1.40 

428.57 

2198 

8693.2 

7.613 

1.2485 

1.3249 

566 

•00097 

.747 

321.2 

1.068 

.631 

191. B 

1.6Q 

375.00 

2140 

8617.6 

7.613 

1.2513 

1.3099 

576 

.00094 

.88 7 

311.8 

1.012 

• 623 

154.7 

1.81 

332.36 

2089 

8551,0 

7,614 

1.2538 

1.2974 

567 

.00092 

1.U00 

310.0 

1.000 

• 696 

172.5 

2.00 

300.00 

2046 

8495.7 

7.614 

1.2559 

1.2874 

55« 

.00090 

1.080 

310.9 

1.007 

• 749 

185.9 

4.00 

150.00 

1771 

8150.9 

7.616 

1.2699 

1.2291 

506 

.00079 

1*690 

333.2 

1.276 

1.023 

254.1 

10.00 

60.00 

1451 

7766.6 

7.616 

1.2865 

1.1655 

434 

•00065 

2.149 

366.6 

2.119 

1.261 

313.0 

20.00 

30.00 

1238 

7523.9 

7.616 

1.3036 

1.1204 

381 

.00055 

2.560 

386.8 

3.261 

1.390 

345. 1 

40.83 

14.70 

1045 

7311.7 

7.616 

1,3192 

1.0783 

328 

.00046 

2.965 

402.9 

6 . 26(J 

1.694 

370.9 

40.00 

15.00 

1050 

7317.3 

7.616 

1.3188 

1.0794 

330 

•00046 

2. 953 

402.6 

6 • lea 

1.491 

370.3 

100.00 

6.00 

838 

7092.4 

7.616 

1.3364 

1.0365 

267 

•00036 

3.511 

419.6 

9.6/6 

1.594 

, 

396.8 

200.00 

3.00 

702 

6953.5 

7.616 

1.3475 

1.0118 

225 

.00030 

3.964 

430.2 

15.626 

1.654 

410.8 

400.00 

1.50 

586 

6837.3 

7.616 

1.3 553 

.9953 

188 

.00025 

4.463 

436.6 

25.330 

1.705 

422*9 

1000.00 

• 60 

460 

6712.8 

7.616 

1.3634 

.9789 

148 

.00019 

5.162 

447.5 

46.288 

1. 764 

435.6 

2000.00 

.30 

382 

6636.9 

7.616 

1.3684 

.9692 

121 

.00016 

5.761 

452.8 

78.862 

1. 764 

443. 1 

4000.00 

• 15 

317 

6573.8 

7.616 

1.3738 

.9590 

96 

.00013 

6.392 

467.2 

126.949 

1.809 

449.2 


R « 0.400. PERCENT FUEL ■ 2 3.95. 0/F ■ 3.1/6 


1.00 

600.00 

2574 

8050.5 

8.396 

1.2209 

1.3697 

663 

0.00110 

0.000 

“ 


0.000 

0.0 

1.05 

571.43 

2552 

8020.9 

8.397 

1.2220 

1.3599 

660 

♦00109 

.283 

568.5 

2.184 

.204 

50.7 

1.20 

500.00 

2492 

7941.2 

8.401 

1.2252 

1.3344 

650 

.00106 

.550 

360.5 

1.268 

.392 

97.5 

1.40 

428.57 

2422 

7851.7 

8.404 

1.2289 

1.3072 

639 

•00102 

.752 

321.0 

1.065 

.326 

131.5 

1.60 

375.00 

2363 

7776.1 

8.406 

1.2320 

1.2856 

630 

•OOIOO 

.893 

311.8 

1.011 

• 621 

154.5 

1.79 

334.53 

2313 

7713.0 

8.408 

1.2347 

1.2685 

621 

.00097 

l.UOO 

310.2 

1.000 

• 668 

171*4 

2.00 

300.00 

2266 

7654.1 

8.410 

1.2372 

1.2533 

613 

.00095 

1.094 

311.2 

1.008 

• 746 

185.7 

4.00 

150.00 

197B 

7306.9 

8.414 

1.2520 

1.1787 

561 

.00083 

1.594 

334.3 

1.284 

1.022 

254.4 

10.00 

60.00 

1637 

6916.6 

8.416 

1.2701 

1*1109 

489 

.00069 

2.149 

367.6 

2.150 

1.262 

314. 1 

20.00 

30.00 

1408 

6667.8 

6.416 

1.2842 

1.0669 

434 

.00059 

2.545 

388.6 

3.351 

1.393 

366.9 

40.00 

15.00 

1204 

6454.3 

8.416 

1.29 92 

1.0253 

380 

.00050 

2.940 

405.9 

5.334 

1.497 

372.7 

40.63 

14.70 

1199 

6448.5 

8.416 

1.2996 

1.0242 

379 

.00050 

2.951 

406.3 

5.409 

1.300 

373.4 

100.00 

6.00 

970 

6219.8 

8.416 

1.3188 

.9767 

313 

.00040 

3.482 

424.1 

10.029 

1.603 

399. 1 

200.00 

3.00 

818 

6073.7 

8.416 

1.3318 

.9478 

266 

.00033 

3.920 

433.0 

16.282 

1.666 

414. 7 

400.00 

1.50 

687 

5950.0 

6.416 

1.3428 

.9249 

224 

*00027 

4.391 

443.9 

26.525 

1.717 

42 7.4 

1000.00 

• 60 

542 

5818.5 

8.416 

1.3537 

.9037 

176 

•00021 

5.076 

453.3 

50.761 

1.770 

440.7 

2000.00 

.30 

452 

5737.3 

8.416 

1.3595 

.8928 

146 

.00017 

5.648 

459.0 

83.105 

1.802 

448.6 

4000.00 

.15 

376 

5669.3 

8.416 

1.3647 

.8635 

119 

•00014 

6.271 

463.6 

136.261 

1.828 

455.1 




R 

- 0.450 

, PERCENT FUEL 

« 21*87* 0/F 

« 3.571 





1.00 

600.00 | 

2773 

7354.5 

9.167 

1.2018 

1.4156 

707 

0.00119 

0.000 



0.000 

0.0 

1.05 

571.43 

2752 

7325.3 

9.170 

1.2029 

1.4027 

704 

•00118 

• 283 

565.0 

2.1/2 

.203 

50.4 

1.20 

500.00 

2692 

7246.5 

9.177 

1.2060 

1.3686 

695 

.00114 

.554 

358.6 

1.263 

.390 

96.9 

1.40 

428.57 

2624 

7157,9 

9.184 

1.2097 

1.3318 

685 

•00110 

.757 

319.6 

1.063 

• 326 

130.8 

1.60 

375.00 

2565 

7082.9 

9.189 

1.2128 

1.3022 

676 

.00106 

.899 

310.7 

1.010 

• 616 

153.7 

1.78 

336.72 

2517 

7023.8 

9.193 

1.2154 

1.2799 

669 

.00104 

1.U00 

309.2 

1.000 

• 682 

169.6 

2.00 

300.00 

2467 

6961.6 

9.197 

1.2183 

1.2573 

661 

.00101 

1.100 

310.3 

1.009 

• 743 

164*9 

4.00 

150.00 

2174 

6614.5 

; 9.210 

1.2347 

1.1514 

6}1 

.00087 

1.399 

334.2 

1.293 

1.020 ; 

253.7 

10.00 

60.00 

1817 

6220.9 

9.215 

1.2537 

1.0682 

540 

.00072 

2.149 

366 • 3 

2.182 

1.263 

314.1 

20.00 

30.00 

1575 

5967.7 

9.216 

1.2670 

1.0237 

485 

.00063 

2.339 

389.9 

3.420 

1.397 

347.4 

40.00 

15.00 

1357 

5749.0 

9.216 

1.2811 

♦ 9828 

429 

•00054 

2.927 

407.8 

5.4/6 

1.503 

373.8 

40.83 

14.70 

1350 

5743.0 

9.216 

1.2815 

• 9816 

428 

.00054 

2.939 

408.3 

5.534 

1.506 

374.5 

100.00 

6.00 

1104 

5506.6 

9.216 

1.3008 

.9325 

358 

.00043 

3*455 

426.8 

10.381 

1.612 

401.0 

200.00 

3.00 

937 

5354.4 

9.216 

1.3152 

.8996 

307 

.00036 

3.879 

438.3 

16.930 

1.6/8 

417.2 

400.00 

1.50 

792 

5225.4 

9.216 

1.3282 

.8727 

261 

.00030 

4.334 

447.7 

2 7. 733 

1.731 

430.4 

1000.00 

.60 

629 

5085.6 

9.216 

1.3418 

.8465 

207 

•00023 

4.994 

457.6 

53.398 

1. 78 7 : 

444.3 

2000.00 

.30 

526 

4999.5 

9.216 

1.3502 

.8313 

172 

.00019 

5.344 

463.6 

87. 714 

1*820 

452.7 

4000.00 

.15 

439 

4927.5 

9.216 

1.3562 

.8210 

142 

.00016 

6.148 

468.5 

144.19/ 

1.848 

459.5 


R ■ 0.500. PERCENT FUEL - 20*12. 0/F ■ 3*968 


1.00 

600.00 

2944 

6769.6 

9.919 

1.1849 

1.5012 

745 

0.00130 

0.000 



0.000 

0.0 

1.05 

571.43 

2923 

6741.0 

9.923 

1.1859 

1.4856 

742 

.00129 

• 287 

559.8 

2.162 

• 202 

50.0 

1.20 

500.00 

2866 

6663.6 

9.935 

1.1835 

1.4440 

734 

•00124 

.558 

356.7 

1.268 

• 300 

ye. 1 

1.40 

428.57 

2000 

6576.3 

9.947 

1.1917 

1.3979 

724 

.00119 

.762 

31 7.3 

1.061 

• 624 

129.7 

1.60 

375.00 

2 742 

6502.4 

9.957 

1.1946 

1.3600 

716 

.00115 

.904 

308.6 

1.009 

• 616 

152.5 

1.77 

338.88 

2699 

6447.5 

9.963 

1.1970 

1.3324 

710 

.00112 

l.UOO 

30/. 3 

1.000 

• 6/6 

147.4 

2.00 

300.00 

2647 

6382.5 

9.971 

1.1998 

1.3008 

702 

.00109 

1.106 

308.6 

1.010 

• 741 

183.5 

4.00 

150.00 

2 3 56 

6037.6 

9.999 

1.2169 

1.1551 

655 

.00092 

1.603 

333.1 

1.303 

1.019 

252.4 

10.00 

60.00 

1990 

5642.7 

10.013 

1.2378 

1.0408 

587 

.00076 

2.147 

368.0 

2.216 

1.264 

313.1 

20.00 

30.00 

1737 

5366.6 

10.015 

1.2515 

• 9808 

532 

•00066 

2*632 

390.1 

3.491 

1.401 

346.9 

40.00 

15.00 

! 1507 

1 5163.3 

10.016 

1.2647 

.9462 

477 

.00057 

2.914 

408.6 

5.620 

1.509 

373.8 

40.83 

14.70 

1501 

5157.7 

10.016 

1 1.2651 

.9471 

475 

.00057 

2.926 

409.1 

5.701 

1.612 

3 74.5 

100.00 

6.00 

1238 

4914.9 

10.016 

1.2834 

1 .8984 

403 

.00046 

3.431 

428.3 

10.736 

1.622 

401.7 

200.00 

3.00 

1059 

4757.3 

10.016 

1.2984 

.8634 

350 

.00039 

3.842 

440.3 

17.634 

1.690 

418.5 

<*00.00 

1.50 

900 

4622.8 

10.016 

1.3125 

.8333 

300 

.00032 

4.280 

450.2 . 

29.032 

1.745 

432.2 

1000.00 

• 60 

720 

4476.0 

10.016 

1.3291 

.8013 

240 

.00025 

4.914 

460.7 

56.203 

1.804 

446.7 

2000.00 1 

.30 

606 

4385.0 

10.016 

1.3387 

.7841 

201 

.00021 

; 5.445 

46 7.0 

92.6/5 

1.839 

455.5 

4000.00 i 

1 

• 15 

507 

4308.7 

10.016 

1.3473 

.7696 

166 

.00017 

6.024 

472.2 

152.844 

1.068 

462.7 


— — 



-- 
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TABLE II. - Continued. 


(d) Continued. 


THEORETICAL ROCKET PERFORMANCE AT A Si IGNED PRESSURE RATIOS FROM 1 TO 4000 FOR 

LIQUID HYDROGEN WITH LIQUID ( XYGSN 

[Equivalence ratio, R; oxidant-fue! ratio, O/F.J 

Combustion-chamber pressure, 600 poinds per square inch absolute, 
equilibrium composition during isenti opic expansion 


Preijure 

ratio, 

P c /R 

Static 

prewure, 

P, 

ai» 

Temp- 

erature, 

T, 

°K 

Enfhoipy, 

h. 

Molecular 

weight, 

TO 

lientropic 

exponent, 

y 

Specific 

heat, 

C P- 



Vi»co». 

M/ 

micro 

poi*e» 

Thermal 

conductivity, 

k, 

cot/{i*0< 0 IC <cw) 

Moch 

number 

M 

Specific 
impulse 
in vacuum, 
I mc, 

Area 

ratio, 

e 

Thrujt 

coefficient 

^F 

Specific 

impulse, 

l 

(fc)<Mc)/(R» 




P 

* 0.600. PERCENT FUEL 

- 17.35. 0/F 

■ 4.762 




1.00 

600.00 

3200 

5841.6 

11.347 

1.1593 

1.7671 

003 

0*00160 

0*000 



0.000 

0-0 

1.05 

571.43 

3169 

5814.3 

11.356 

1.1598 

1.7482 

0 0 1 

•00l 58 

.291 

546.7 

2.144 

.200 

48.8 

1.20 

500*00 

3137 

5740.5 

11.379 

1.1611 

1 .6966 

794 

.001 52 

• 564 

347.8 

1.250 

.385 

93.8 

1.40 

428.57 

3077 

5656.9 

11.404 

1.1629 

1.6375 

786 

• ool .6 

• 77o 

310.8 

1.057 

.520 

126.8 

1.60 

375.00 

3 o2 5 

5586.0 

11.425 

1.1646 

1.5869 

779 

•001 *0 

.913 

302.6 

1.007 

.612 

149.1 

1.75 

342.61 

2990 

5538.8 

11.436 

1.1659 

1.5531 

7 74 

.00117 

1*000 

301.5 

1.000 

.666 

162.3 

2.00 

300.00 

2936 

5470.4 

11.457 

1.1680 

1.5041 

766 

*001 12 

1.117 

303.1 

1.012 

♦ 737 

179.7 

<*.00 

150*00 

2669 

5134.6 

11.535 

1.1817 

1.2723 

727 

•00100 

1.613 

328.7 

1.32 3 

1.017 

248.0 

10.00 

60.00 

2313 

4742.5 

11.593 

1.2048 

1.0538 

667 

•00085 

2.145 

365.0 

2.288 

1.268 

309*3 

20.00 

30.00 

2050 

4483,6 

11.609 

1.2216 

.9574 

617 

•00072 

2*517 

388.2 

3.644 

1.410 

343.7 

40.00 

15.00 

1B03 

4255.3 

11.615 

1.2359 

.8996 

664 

•00063 

2.685 

40 7.6 

5.926 

1.524 

371.5 

40.83 

14.70 

1796 

4249.0 

11.615 

1.2363 

.8983 

562 

.00063 

2.896 

408.2 

6.013 

1.527 

372.3 

100.00 

6.00 

1506 

3996.4 

11.616 

1.2328 

.8482 

490 

•00062 

3.381 

428.7 

11.474 

1.643 

400*7 

200.00 

3.00 

1306 

3829.9 

11.616 

1.2663 

.8136 

4 34 

.00045 

3.772 

441.6 

19.054 

1.716 

418.4 

400.00 

1.50 

1125 

3686.0 

11.616 

1.2806 

. 7807 

379 

.000*8 

4.182 

452.4 

31.724 

1.776 

433.1 

1000*00 

.60 

916 

3526.4 

11.616 

1.2996 

.7420 

311 

•oooio 

4.769 

464.0 

62.274 

1.861 

440.8 

2000.00 

.30 

7 7 B 

3426.2 

11.616 

1.313Q 

.7177 

264 

•000 -’5 

5*257 

471.1 

103*640 

1.880 

458.4 

4000.00 

.15 

65b 

3341.2 

11.616 

1.3245 

.6983 

222 

*00020 

5.791 

476.9 

172.288 

1.913 

466.4 




R 

- 0.700 

, PERCENT FUEL 

» 15.25. Q'F 

- 5*556 




1.00 

600.00 

3381 

5138.3 

12.664 

1.1429 

2.1301 

846 

0*00197 

0*000 



0*000 

0-0 

1.05 

571.43 

3364 

5112.5 

12.677 

1.1430 

2.1115 

043 

•00195 

.293 

531.5 

2.133 

.199 

47.4 

1.20 

500.00 

3317 

5042.7 

12.711 

1.1433 

2.0&94 

837 

•00189 

• 568 

338.5 

1.245 

.383 

91.2 

1.40 

428.57 

3263 

4963,5 

12.750 

1.1438 

1.9976 

830 

*00182 

.775 

302.7 

1.054 

.517 

123.3 

1.60 

375.00 

3217 

4896,2 

12.782 

1.1443 

1.9428 

023 

*00176 

*92o 

295.1 

1.006 

• 609 

145.2 

1.74 

345.24 

318B 

4855.0 

12.802 

1.1447 

1.9085 

019 

.00172 

1.000 

294.1 

1.000 

• 659 

157.0 

2.00 

300.00 

3140 

4786.1 

12.834 

1.1456 

1.8496 

013 

•001*6 

1.125 

295.9 

1.014 

.734 

175.1 

4.00 

150.00 

2903 

4463.7 

12.978 

1.1526 

1.5556 

779 

.00116 

1.623 

322.1 

1.339 

1.016 

242.3 

10*00 

60.00 

2584 

4080.8 

13.115 

1.1702 

1.2090 

730 

•00102 

2.148 

359.5 

2.356 

1.273 

303.3 

20.00 

30.00 

2337 

3823.0 

13.174 

1.1884 

1.0195 

688 

.00013 

2.506 

383.6 

3.803 

1.419 

338.3 

1 40*00 

15.00 

2088 

3592,0 

13.203 

1.2067 

.9006 

640 

•ooo'o 

2.855 

404.1 

6.256 

1.539 

366.8 

40.83 

14.70 

2081 

3585.6 

13.203 

1.2072 

*8980 

630 

.000*9 

2.866 

406.6 

6.350 

1.542 

367.6 

: 100.00 

6.00 

1775 

3326.0 

13.214 

1.2263 

.8183 

571 

*00057 

3.327 

426.4 

12.271 

1.666 

397.1 

1 200.00 

3.00 

1558 

3152,5 

13.216 

1.2387 

.7009 

515 

■oooio 

3.700 

440.2 

20*571 

1.744 

415.7 

400.00 

1.50 

1359 

3000.6 

13.216 

1,2515 

,7484 

459 

« 000 ♦ 3 

4.089 

451.9 

34.597 

1.809 

431.3 

1000.00 

.60 

1125 

2629.9 

13.216 

1.2696 

.7000 

387 

• 000 15 

4.637 

464.6 

68.879 

1.880 

448.2 

2000.00 

.30 

96B 

2721.0 

13.216 

1.2840 

.6798 

334 

* OOO i9 

5.087 

472.4 

115.835 

1.924 

450.6 

4000.00 

• 15 

828 

2627.5 

13.216 

1.2978 

.6552 

286 

.000 14 

5.575 

479.0 

194,445 

1.961 

467.4 




R 

» 0.800 

i PERCENT FUEL 

« 13*60* O'F 

■ 6.349 




1.00 

600*00 

3481 

' 4586.9 

13.859 

1.1337 

2.4909 

875 

0*002 14 

0*000 



0*000 

0*0 

1.05 

571.43 

3465 

{ 4562.6 

13.875 

1.1335 

2.4777 

873 

*002 12 

• 294 

515.6 

2.126 

.198 

46*0 

1.20 

500.00 

3422 

1 4496.8 

13.919 

1.1331 

2.4401 

067 

*00227 

*570 

328.6 

1.242 

.381 

88.5 

1.40 

428.57 

3373 

: 4422.2 

13.969 

1.1327 

2.3938 

061 

.00221 

.778 

294.1 

1.052 

.516 

119.7 

1.60 

375.00 

333-1 

' 4356,6 

14.012 

1.1324 

2.3513 

055 

• 002 16 

• 924 

286.7 

1.006 

• 60 7 

140*9 

1.73 

346.81 

3306 

4321.9 

14.037 

1. 1323 

2.3254 

051 

■00213 

1.000 

286.0 

1.000 

.654 

151.8 

2.00 

300.00 

3261 

4254.6 

14.082 

1.1321 

2.2752 

045 

• 002 }7 

1.129 

287.8 

1.015 

.733 

170*0 

4.00 

; 150.00 

3052 

3948.2 

14.288 

1.1330 

2.0021 

816 

.00177 

1.630 

314*1 

1.350 

1.016 

235.7 

10.00 i 

60.00 

2779 

3579,7 

14.522 

1. 1403 

1.5823 

775 

*001 16 

2.155 

351.9 

2.409 

1.276 

296.0 

20.00 ' 

3C*00 

2568 

3327.2 

14.656 

1.1527 

1.2725 

741 

*001 ]7 

2.5 0 5 

376.8 

3.944 

1.427 

331.1 

40.00 

15.00 

2346 

3097. 0 

14.745 

1.1712 

1 . q267 

7Q3 

•00096 

2.837 

398.3 

6*587 

1.552 

340*1 

40*83 

14.70 

2340 

3090.& 

14.747 

1.1718 

1.0207 

7 0 2 

•00013 

2.846 

398.8 

6.689 

1.555 

360*8 

100.00 

6.00 

2042 

2826,6 

14.800 

1.1976 

.0369 

642 

• 000 "*5 

3.275 

421.8 

13.134 

1.68 7 

391.4 

200*00 

3.00 

1815 

2647,3 

14.812 

1.2135 

.7683 

591 

*000 >5 

3.623 

436.6 

22.231 

1.771 

410*8 

400*00 

1.50 

1602 

2468.5 

14.615 

1.2260 

.7287 

537 

.000 *« 

3.991 

449.2 

37.727 

1.842 

427.3 

: looo.oo 

.60 

1347 

2307.6 

14.816 

1.2422 

.6880 

464 

•000 *0 

4.507 

463.0 

76.063 

1.919 

445.3 

: 2000.00 

.30 

1173 

2190.6 

14.816 

1.2553 

.6594 

4Q9 

• 000 14 

4.926 

471.6 

129.237 

1.968 

456.6 

' 4000.00 

• 15 

1016 

2089. 0 

14.816 

1.2694 

.6320 

356 

• 000 18 

5.375 

478.9 

219.200 

2.009 

466.2 




R 

= 0.900 

. PERCENT FUEL 

- 12*20. O'F 

- 7.143 




1*00 

600.00 3526 

4142.9 

14.930 

1.1295 

2.6696 

896 

0.002 >4 

0*000 



0*000 

0*0 

1.05 

571.43 

3511 

4120.1 

14.948 

1.1293 

2.6628 

894 

.002 i3 

.294 

500.1 

2.123 

.198 

44.6 

1*20 

500*00 

3469 

4058.3 

14.999 

1.1285 

2.6432 

086 

• 002 *9 

.571 

318.8 

1.241 

.381 

85.8 

1.40 

428.57 

3422 

3988.0 

i 15.057 

1.1277 

2.6105 

801 

.002 *5 

.780 

285.4 

1.052 

.515 

116.1 

1.60 

375.00 

3382 

3928.2 

15.107 

1.127c 

2.5953 

076 

• 002-.2 

• 926 

278.3 

1.005 

.607 

136.7 

1.73 

347.52 

3360 

3894.5 

15.136 

1.1267 

2.5013 

073 

•002*0 

1*000 

277.6 

1.000 

.653 

147*0 

2.00 

300.00 

3317 

3830. 1 

15.190 

1.1260 

2.5526 

066 

.00215 

1.132 

279.4 

1*016 

.732 

165*0 

4.00 

150*00 

3122 

3540.7 

15.441 

1.1236 

2.3806 

839 

•00214 

1.633 

305.3 

1.35o 

1.016 

220.9 

10.00 

60*00 

268 1 

3190.4 

15.751 

1.1229 

2.0940 

8 0 3 

.00111 

2.161 

342.8 

2.437 

1.278 

207.9 

20.00 

30.00 

2705 

2947.8 

15.963 

1.1264 

1.8100 

775 

•OOl >2 

2.512 

367.9 

4.032 

1.431 

322.5 

40.00 

15.00 

2528 

2723.3 

16. 145 

1.1327 

1.4813 

746 

.00122 

2.838 

390.0 

6.B38 

1.560 

351.5 

40.83 

14.70 

2523 

2716.9 

16.150 

1.1330 

1.4712 

745 

.00121 

2.848 

390.6 

6.947 

1.563 

352.3 

100.00 

6.00 

2279 

2453.5 

16.318 

1.1563 

1.0541 

701 

•000 15 

3.246 

414.9 

13.977 

1.702 

303.4 

200.00 

3.00 

2072 

2270.2 

16.384 

1.1797 

.0410 

659 

•000*5 

3.555 

430*8 

24.037 

1.791 

403.7 

| 400.00 

1.50 

1857 

2105.2 

16.408 

1.1999 

.7376 

610 

• 000 >4 

3.886 

444.3 

41,251 

1.869 

421.1 

1000.00 

.60 

1565 

1914.5 

16.415 

1.2177 

• 6764 

540 

• 000 *5 

4.367 

459.3 

04.153 

1.954 

440.3 

2000.00 

.30 

1397 

1789,5 

16.416 

1.2293 

• 64 a 7 

466 

• 00C 19 

4.758 

460.8 

144.295 

2.000 

452.5 

4000.00 

.15 

1224 

1679.6 

16.416 

1.2418 

.6217 

431 

• 000 13 

L 5.175 

476.9 

247.166 

2.055 

463*0 
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FOR 


LIQUID HYDROGEN WITH LIQUID OXYGEN 

[Equivalence ratio, R; oxidant-fuel ratio, O/F.J 

(d) Continued. Combustion-chamber pressure, 600 pounds per square inch absolute; 
equilibrium composition during isentropiq expansion 


Pressure 

ratio, 

P c /P 

Stotic 

pressure, 

P, 

lb/t«|in 

ob* 

Temp 

erature 

T, 

,:I K 

Enthalpy, 

h. 

Molecular 

weight. 

Isentropic 

erponent, 

Y 

Specific 

heat, 

C P 

<ot/< 8 li c 1C>* 

Viscos- 

ity, 

K 

micro 

poises 

Th ? rmal j Mach 
conductivity,] numbef 

k r M 

cal/Wlf’KHca} 

Specific 
impulse 
in vacuum 
I ><x 

<6)1 -o'/* 

Area 

ratio, 

C 

Thrust 

coefficient 

Specific 

impulse, 

1 

R ■ 1.00C 

percent fuel 

* 11. 

19. O/F 

■ 7.937 




1*00 

600.00 

353* 

3777.9 

15.886 

1.1263 

2.6053 

910 

0.00*51 

o«ooo 



0*000 

0*0 

1.05 

571. *3 

3519 

3756.* 

15.906 

1.1280 

2.6007 

907 

.00250 

• 295 

*65.3 

2.122 

• 198 

*3.3 

1.20 

500*00 

3* 7 B 

369 B , 1 

15.961 

1. 1272 

2.587* 

9 Q2 

•00**7 

.572 

309.* 

1.2*0 

• 301 

63.3 

l.*0 

*28.57 

3*31 

3631.9 

16.02* 

1.1263 

2.5703 

895 

•00*** 

.780 

-277*0 

1.051 

.515 

112.7 

1.60 

375.00 

3392 

3575.5 

16.078 

1.1255 

2.55*2 

889 

•002*1 

• 926 

270.2 

1*005 

. 6o 8 

132.7 

1.73 

3*7.72 

3370 

35**. 0 

16.108 

1.1251 

2. 5**5 

886 

.00*39 

1*000 

269.* 

1*000 

.652 

1*2.7 

2.00 

300.00 

3327 

3*83.1 

16. 168 

1.12** 

2.52*3 

880 

.00*36 

1.132 

271.3 

1*016 

.732 

160* 1 

4.00 

150.00 

3137 

3210.2 

16»**i 

1.1212 

2. *09* 

852 

•00218 

1.63* 

296.5 

1.357 

1.016 

222.3 

10.00 

60.00 

2903 

2879,3 

16.705 

1 . 11B6 

2.2079 

017 

.00192 

2.162 

333.1 

2.4*5 

1.278 

279.6 

i 20.00 

30.00 

2738 

26*9.6 

17.030 

1.1181 

2.0216 

791 

.00171 

2.51* 

357.7 

*•055 

1.432 

313.3 

1 *0.00 

15.00 

2578 

2*36.1 

17.258 

1.1191 

1.8120 

765 

.00150 

2.8*2 

379.5 

6.910 

1.562 

3*1.7 

*0.83 

1 * • 70 

2573 

2*30.0 

17.265 

1.1191 

1.8056 

76* 

•001*9 

2.852 

360*1 

7.022 

1.565 

3*2.5 

100.00 

6.00 

2371 

2177.0 

17.526 

1.1239 

1.5117 

728 

. 001*0 

3.255 

*0*.6 

14.326 

1.706 

373.2 

! 200.00 

3.00 

221* 

1997.7 

17.695 

1.1315 

1.2810 

697 

.00099 

3.558 

*21.1 

25.12* 

1.799 

393.6 

*00.00 

1.50 

2052 

1832.3 

17.830 

1.1*37 

1.065* 

663 

•00080 

3.857 

*35.6 

**•21 0 

1.801 

*11.4 

1000.00 

.60 

1826 

163*«9 

17.9*7 

1.1679 

,83 38 

611 

•00059 

*.260 

*52,2 

93. 12* 

1.97* 

*31.0 

2000.00 

.30 

16*8 

1501.7 

17.991 

1.189* 

.7163 

56* 

•000*8 

*.505 

*62.0 

162.695 

2.03* 

4*5 . o 

*000.00 

.15 

1*70 

1382.* 

IB. 009 

1.2091 

.6*** 

51* 

•000*0 

*.9*2 

*72.0 

282.6*6 

2.087 

*56.5 




fl 

* 1.500 

. percent FUEL 

« 7.7*9. 0/F 

•11.905 




1.00 

600.00 

337* 

2626.1 

19. *63 

1.1327 

1.6233 

930 

0*00163 

0.000 


r~ 

0*000 

0*0 

1.20 

500.00 

3315 

2563.9 

19.5*0 

1.1321 

1.59*2 

921 

•00158 

• 571 

273.0 

1.2*2 

.361 

73.5 

1.05 

571 .*3 

3358 

2609.3 

19. *83 

1.1325 

1.6157 

927 

•00162 

.29* 

*20.* 

2.125 

• 190 

36,2 

1 . *C 

*28.57 

3267 

2512.* 

19.60* 

1 .1317 

1.5682 

913 

.00155 

.779 

2**. 3 

1.052 

.516 

99.4 

1.60 

375.00 

3226 

2*68.5 

19.650 

1.131* 

1 « 5**7 

9 0 6 

•00151 

.92* 

236,3 

1.006 

• 60 7 

117.1 

1.73 

3*6.93 

3202 

2**3. 3 

19.690 

1.1313 

1.5306 

903 

•00150 

1.000 

237.6 

1*000 

• 65* 

126. 1 

2.00 

300.00 

3158 

2396.7 

19.7*8 

1.1310 

1.503* 

896 

•00l*6 

1.130 

239.1 

1.015 

.733 

1*1.3 

*.00 

150.00 

2953 

2185.1 

o 

o 

1.1313 

1.3606 

862 

•00128 

1.631 

261.0 

1.351 

1.015 

195.9 

10.00 

60.00 

2692 

1930.2 

20.31* 

1. 1356 

1.1*7* 

U 1 8 

•ooio* 

2*157 

292.6 

2.415 

1.276 

2*6.1 

20.00 

30*00 

2*96 

1755.2 

20**99 

1 . 1*32 

.9816 

78^ 

•00086 

2.5o9 

313.5 

3.967 

1.426 

275.3 

*0.00 

15.00 

2297 

159*. 7 

20.6*0 

1.1557 

. 8 2 7* 

7*3 

•00070 

2.0*1 

331.7 

6.66* 

1.55* 

299.6 

*0.83 

1* • 70 

2291 

1590*2 

20*6*3 

1.1562 

.8232 

7*2 

•00070 

2.05o 

332.2 

6.760 

1.557 

300.2 

100.00 

6.00 

2026 

1*0*. 5 

20.752 

1.1791 

.6682 

685 

•0005* 

3.268 

351.9 

13.420 

1.691 

326.0 

200.00 

3.00 

1618 

1277.1 

20.792 

1.198* 

.590* 

635 

• 000*5 

3.599 

364.7 

22.891 

1,777 

3*2.6 

: *00.00 

1.50 

1616 

1163.* 

20.807 

1.2152 

.5*32 

582 

•00039 

3.950 

375.6 

39.039 

1.850 

356-7 

1000.00 

.60 

1366 

1053.2 

20.812 

1.2336 

.50*8 

5 0 9 

.00032 

*.*50 

387.5 

79.05* 

1.931 

372.3 

2000.00 

.30 

1195 

9*8.5 

20.813 

1.2*62 

.*83* 

*5* 

•000*7 

*.650 

395.0 

134.733 

1.902 

302.1 

*000.00 

.15 

1039 

87*. 7 

20.013 

1.259* 

.*636 

*0 1 

•00023 

5.296 

*oi.* 

\ 229.310 

2*025j 

390*4 




R 

* 2.000 

, PERCENT fuel 

■ 5.927. O/F 

■15.873 




1.00 

600*00 

3158 

2018.0 

21.032 

1.1*1* 

1.1081 

919 

o.oou* 

0*000 



0*000 

0*0 

1.05 

571. *3 

31*1 

2002.0 

21.050 

1.1*1* 

1.1005 

917 

•ooiii 

.293 

391.2 

2.132 

.199 

3**9 

1.20 

500*00 ; 

3097 

196*. 2 

21.900 

1.1*17 

1.079* 

9o9 

•00108 

.560 

2*9.2 

1.2*5 

.363 

6 7*1 

l.*0 

*28.57 

30*6 

1921.3 

21.956 

1.1*21 

1 * 05*3 

9 00 

•00105 

.776 

222.9 

1 . q5* 

.517 

90*0 

1.60 

375.00 : 

300? 

188*. 8 

22.003 

1.1*26 

1.0320 

893 

•00102 

.920 

217.2 

1.006 

.609 

106*9 

1.7* 

3*5. *5 

2975 

1862.7 

22.03 1 

1.1*30 

1.0162 

088 

♦ooioo 

1.000 

216.6 

1.000 

.656 

115*5 

2.00 

300.00 

2929 

1825,1 

22.078 

1.1*37 

.99*0 

860 

•00097 

1.125 

217.9 

1.01* 

, 73* 

126.9 

*.00 

150.00 

2706 

1650.2 

22.286 

1.1*96 

,8720 

8*0 

•00083 

1.62* 

237.3 

1.3*1 

1.018 

170.4 

10.00 

60.00 

2*13 

1**2, 0 

22. *90 

1.16*1 

.7166 

78* 

•00065 

2.151 

265.0 

2.365 

1.273 

223.5 

20.00 

30.00 

2189 

1901.* 

22.588 

1 . 180* 

.6182 

737 

♦0005* 

2.507 

203.0 

3.629 

1.421 

*49.4 

*0.00 

15.00 

1965 

117*. 9 

22.6*2 

1.1988 

.5*59 

686 

•000*5 

2.652 

296.3 

6.321 

1.5*1 

270*5 

*0.83 

16.70 

1959 

1171,* 

22.6*3 

1.199* 

.5**1 

68* 

.000*5 

2.663 

296.7 

6.416 

1,5*4 

271.1 

100.00 

6.00 

1678 

1026.7 

22.67o 

1.2212 

.*875 

61* 

•0b037 

3.316 

314.9 

12.437 

1.670 

293*1 

200.00 1 

3.00 

1*75 

932.9 

22.676 

1.2351 

.*613 

557 

*00032 

3.663 

325.3 

20*879 

1.7*9 

307.0 

*00.00 

1.50 

1269 

8 * 9,1 ; 

22.677 

1.2*76 

.4*17 

5 0 1 

•00028 

*.069 

334.1 

35.155 

1.815 

310.7 

1000.00 

.60 

1070 

75*. 5 

22.677 

1 .26*1 

.*19* 

*30 

•00023 

*•61* 

3*3.6 

7o*l*3 

1.607 

331.3 

2000.00 

.30 

923 ; 

69*. 1 

22.677 

1.2770 

.*0*0 

378 

•00019 

5.059 

3*9.5 

118*235 

1.932 

339.2 

*000.00 

.15 

792 

6*2.1 

22.677 

1.290* 

. 389* 

329 

•00016 

5.539 

354,5 

199.011 

1.970 

3*5.0 




R 

= 3.000 

, percent FUEL 

* *.031. O/F 

■23*010 




1.00 

600.00 ! 

27*7 

1361.* 

2*. 718 

1 . 169* 

0*6509 

869 

0*00065 

0.000 


_ -1 

0*000 

0*0 

1.05 

571. *3 : 

2729 

1370.7 

2*. 729 

1.1701 

.6*5 1 

866 

•00065 

• 289 

3*2.7 

2,152 

• 2 0 1 

30.6 

1.20 

500.00 : 

2 6 79 

13*1.7 

2*. 759 

1.1723 

.6293 

856 

•00062 

.561 

217.9 

1.25* 

.366 

56.6 

l.*0 

*28.57 

2622 

1308.9 

2*. 790 

1.17*9 

.611* 

8*5 

.00060 

*766 

194.6 

1.058 

.522 

79.4 

i 1.60 

375.00 

2573 

1281.1 

2*. 815 

1.1 '7* 

.5963 

035 

.00050 

.909 

169.* 

1.006 

*613 

93.4 

1.76 

3*0.99 

2538 

1261.7 

2*. 832 

1.1793 

.5858 

028 

•00057 

1.000 

186.6 

1*000 

.670 

102.1 

2.00 

300*00 

2*91 

1235.9 

2*. 852 

1.1819 

.5720 

019 

•00055 

1.112 

189.5 

1.011 

.739 

112.5 

*.00 

150.00 

2237 

1105.1 

2*. 937 

1.1983 

.5059 

765 

•000*6 

1.600 

205.1 

1.31* 

1*018 

155.0 

10.00 

60.00 . 

1913 

953,9 

2*. 990 

1.2209 

■ **60 

690 

.00038 

2.1*6 

227.2 

2.253 

1.266 

192.9 

20.00 

30.00 

1682 

85*. 9 

25.003 

1.2358 

.*185 

631 

•00033 

2.52* 

2*1.2 

3.569 

1 • *05 

214*0 | 

*0.00 

15.00 

1*70 

768,2 

25.007 

1.2*83 

.*000 

572 

•00029 

2.9QO 

253.0 

5.770 

1.517 

231,0 

*0.8 3 

1 * • 70 

1*6* 

765.6 

25.007 

1.2*87 

.3995 

571 

.00028 

2.911 

253.3 

5,062 

1.520 

231.4 

100.00 

6.00 

1220 

670.5 

25.008 

1.2635 

.3811 

*98 

•0002* 

3. *00 

265.7 

11.130 

1.633 i 

2*6.7 

200.00 

3.00 

1053 

608.0 

25.008 

1.2755 

.3679 

*** 

• 00021 

3.00? 

273.* 

18.422 

1.703 { 

259,4 

*00.00 

1.50 

90* 

55*. 2 

25.008 

1.2879 

.3555 

392 

• 00018 

*.229 

279.9 

30*593 

1.761 j 

260.3 

icoo.oo 

.60 

733 

*9*. 8 

25.008 

1.3053 

.3398 

329 

• oool* 

<♦.829 

286.9 

59,908 

1.02* 

277.8 

2000.00 : 

• 30 

622 

*57.5 

25.008 

1.3105 

.3290 

285 

•00012 

5.326 

291.1 

99,5*5 

1.662 

283.5 

*000.00 ■ .15 

525 

*26.0 

25.008 

1.3312 

.319* 

2*5 

• oodo 

5.068 

294.6 

165.173 

1.693 

286.3 
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FOR 

LIQUID HYDROGEN WITH LIQUID OXYGEN 

[Equivalence ratio, R; oxidant-fuel ratio, 0/F .) 

(d) Concluded. Combust ion- chamber pressure, 600 pounds per square inch absolute; 
equilibrium composition during isentropi> expansion 


Preiiure 

ratio. 

P t /P 

Static 

preiiure, 

P, 

Temp- 

erature, 

T, 

°K 

Enthalpy, 

h, 

cot/» 

Molecular 

weight, 

7JI 

lien tropic 
exponent, 

y 

Specific 

heat, 

C P . 

tal/igH'IO 

Viicos- 

■»/, 

micro 

poiies 

Thermal 

conductivity, 

k. 

Mach 

number 

M 

Specific 
impulse 
in vacuum, 
I me. 

(lbHMc)/lb 

Area 

ratio, 

£ 

Thru*t 

coefficient, 

Specific 

impulse, 

l 

ifcllwtj/ilb 




R 

= 4.000. percent fuel 

* 3.054. O/F 

*31.74< 


















1.00 

600*00 

2381 

1054.4 

26.323 

1.2036 

0.4697 

806 

0*00045 

0*000 



0*000 

0*0 

1.03 

571.43 

2362 

1045.7 

26. 328 

1.2048 

.4663 

8 o2 

.00045 

• 285 

308.9 

2.174 

.203 

27.6 

1.20 

500.00 

2309 

1022.1 

26.340 

1.2079 

.4572 

790 

.00044 

.554 

196.0 

1.263 

.390 

53.0 

1.40 

428.57 

2249 

995,6 

26.352 

1,2116 

.4473 

777 

.00042 

.756 

174.7 

1.063 

.526 

71.5 

1.60 

375.00 

2198 

973.2 

26.361 

1.2149 

.4393 

765 

.00041 

.898 

169.8 

l.oio 

.618 

84.0 

1.78 

336.49 

2157 

955.5 

26. 367 

1.2175 

.4332 

756 

•00040 

1.000 

169.0 

1.000 

.683 

92.8 

2.00 

300.00 

2113 

937.0 

26. 374 

1.2202 

.4272 

746 

•00039 

1.099 

169.6 

1.009 

.744 

loi.l 

4.00 

150*00 

I860 

833.4 

26. 396 

1.2355 

.3982 

685 

•00034 

1.599 

182.6 

1.293 

1*020 

138.7 

10.00 

60.00 

1554 

715.9 

26.405 

1.2521 

.3743 

605 

*00028 

2.150 

201.3 

2.182 

1.263 

171.6 

20.00 

30.00 

1348 

640.3 

26.406 

1.2632 

.3612 

546 

*00025 

2.542 

213,1 

3.423 

1.397 

189.8 

40.00 

15.00 

1164 

5 74.8 

26.406 

1.2741 

.3499 

491 

•00022 

2.931 

222.9 

5.493 

1.503 

204.3 

40.83 

14.70 

1159 

573.1 

26.406 

1.2744 

. 3495 

489 

.00022 

2.943 

223.2 

5.572 

1.506 

204.7 

100.00 

6.00 

952 

502.1 

26.406 

1.2B95 

.3352 

421 

.00018 

3.458 

233.4 

10.461 

1.613 

219.2 

200.00 

3.00 

813 

456.1 

26.406 

1.3022 

. 3243 

371 

•00016 

3.876 

239.8 

17.162 

1.679 

228.2 

400.00 

1*50 

690 

417.0 

26.406 

1.3153 

,3139 

325 

.00013 

4.320 

245.1 

28.237 

1.733 

235.5 

1000.00 

.60 

551 

374.4 

26.406 

1.3331 

.3012 

269 

•oooii 

4.959 

250.7 

54.608 

1.790 

243.3 

2000.00 

• 30 

463 

348.0 

26.406 

1.3460 

.2927 

232 

•00009 

5.492 

254.0 

89.893 

1.624 

247.9 

4000.00 

• 15 ! 

386 

325.9 

26.406 

1.3564 

.2864 

197 

•00007 

6.079 

256.6 

147.835 

1.853 

i 251_. 8_ 




R 

=* 5.000 

. percent fuel 

* 2.458, O/F 

*39.683 




1.00 

— - — — 1 

600.00 

2072 

1 

855.0 

27.317 

1.2317 

0.3924 

742 

0*00336 

0* 000 


r 

0*000 

0*0 

1.05 

571.43 

2053 

847.7 

27. 319 

1 .2327 

.3906 

738 

.00036 

.282 

282.7 

2.190 

• 204 

25.2 

1.20 

500.00 

2002 

828.0 

27. 323 

1.2355 

.3859 

725 

• 00035 

.548 

179.1 

1.270 

.393 

48.6 

1.40 

428.57 

1944 

805.9 

27.326 

1.2387 

.3808 

711 

.00034 

.749 

159.4 

1.067 

.530 

65.4 i 

1.60 

375.00 

1894 

787.2 

27,329 

1,2413 

.3767 

699 

.00033 

*B9o 

154.8 

l.OH 

.622 

76.8 1 

1.80 

333.54 

1852 

771.3 

27.331 

1.2436 

.3734 

689 

•00332 

i.ooc 

154,0 

1.000 

.691 

B5.3 : 

2.00 

300.00 

1813 

757,2 

27. 332 

1.2455 

.3706 

679 

•00031 

1.092 

154.4 

1.007 

.747 

92.3 

4.00 

150*00 

1578 

671.8 

27.337 

1.2571 

. 3 559 

617 

.00028 

1.594 

165.8 

1.281 

1*023 

126.2 

10.00 

60.00 

1303 

576.1 

27.339 

1.2710 

.341o 

539 

•00023 

2.152 

182.2 

2.143 

1.262 

1 155.8 

20.00 

30.00 

1122 

515.1 

27.339 

1.2815 

.3309 

484 

•00020 

2*551 

192,6 

3.341 

1.393 

172.0 

40.00 

15.00 

961 

462.7 

27.339 

1.2929 

.3209 

432 

•00018 

2.948 

201.2 

5.329 

1,497 

1U4.7 

40.83 

14.70 

956 

461.3 

27.339 

1.2932 

.3206 

-43 0 

•oooie 

2.959 

20l*4 

5.405 

1.499 

185.1 

100.00 

6.00 

777 

405.0 

27.339 

1.30*5 

.3076 

367 

•00015 

3.488 

210.3 

10*063 

1.603 

197.9 i 

200.00 

3.00 

658 

368.9 

27.339 

1.3228 

.2979 

321 

•00012 

3.919 

215.8 

16.396 

1.666 

205.7 i 

400.00 

1.50 

554 

338. V 

27.339 

1.3364 

.2887 

279 

.00011 

4.380 

220.3 

26.787 

1.717 

212.0 ! 

1000.00 

*60 

438 

305.5 

27.339 

1.3536 

.2782 

229 

.00006 

5.049 

225.0 

51.327 

1.771 I 

216.7 

2000.00 

.30 

365 

285.3 

27.339 

1*3633 

.2728 

195 

.00007 

5.614 

227.8 

1 83.959 

1.803 

2 22 . 6 

4000.00 

.15 

303 

268.6 

27.339 

1.3697 

.2693 

164 

.00006 

5.2 36 

230.1 

1 137.411 

1.830 ! 

225.9 
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FOR 

LIQUID HYDROGEN WITH LIQUID OXYGEN 

[Equivalence ratio, R; oxidant-fuel ratio, O/F.J 

(e) Combustion-chamber pressure, 60 pounds per square inch absolute, frozen 
composition during isentropic expansion 


Pressure 

ratio, 

P c /P 

Static 

pressure, 

P, 

h/*q in. 

afci 

Temp- 

erature 

T, 

Enthalpy , 

h, 

cd/fl 

Molecular 

weight, 

an 

Isentropic 

exponent, 

y 

Specific 

heat, 

C P 

cd/lglW 

VtKOS- 

H 

Hr 

micro 

poises 

Thermal 

conductivity, 

It, 

col/^tKl^Kikm 

Moch 

number 

M 

Specific 
impulse 
in vocuum. 

Area 

ratio, 

e 



Thrust 

coefficient 

C ' 

Specific 

impulse, 

l 

iib.ii »*:./( tb i 


= Q.15( 

PERCENT FUEL 

* 45.65. 0/F 

• 1.19 

D 




1.00 

60.00 

1183 

5313.5 

4.416 

1.3396 

1.7753 

314 

0.00073 

0.000 



0*000 

0*0 

1.05 

57.14 

1168 

5287.7 

4.416 

1 . 3406 

1.7710 

311 

.00073 

.271 

530.0 

2.250 

.210 

47.4 

1.20 

50.00 

1129 

5218.6 

4.416 

1.3436 

1.7597 

303 

•00070 

.527 

334.2 

1.297 

.403 

90.8 

1.40 

42.86 

1085 

5141.8 

4.416 

1.3469 

1.7472 

293 

.00068 

.722 

296.1 

1.081 

.543 

122.2 

1.60 

37.50 

1049 

5077.7 

4.416 

1.3497 

1.7369 

285 

.00066 

* B60 

286.6 

1.018 

.636 

143.2 

1.87 

32.17 

1000 

5006 . 8 

4.416 

1.3528 

1.7257 

276 

•00063 

1.000 

284.1 

1.000 

.725 

163.4 

2.00 

30.00 

989 

4975.4 

4.416 

1.3540 

1.7210 

272 

•00062 

1.059 

204.4 

1.003 

.761 

171.5 

4.00 

15.00 

824 

4693.4 

4.416 

1,3651 

1.6825 

234 

.00052 

1.566 

301.7 

1.233 

1.031 

*32. 3 

4.09 

14.70 

819 

4685.8 

4.416 

1.3654 

1.6815 

232 

•00052 

1.579 

302 .3 

1.244 

1.038 

233. 7 

10.00 

6.00 

643 

4392.5 

4.416 

1.3748 

1.6505 

188 

.00042 

2.152 

327.5 

1.974 

1.257 

*83. 1 

20.00 

3.00 

532 

4209.8 

4.416 

1.3799 

1.6344 

159 

♦00035 

2.506 

343.5 

2.982 

1.376 

309.9 

40.00 

1.50 

439 

4058.9 

4.416 

1.3624 

1.6268 

133 

*00029 

3.031 

356.4 

4.620 

1.467 

330*4 

100.00 

.60 

340 

3899.0 

4.416 

1.3682 

1.6093 

104 

•00023 

3.640 

369.8 

8.432 

1.556 

350*8 

200.00 

.30 

280 

3802.6 

4.416 

1.3926 

1.5961 

85 

.00018 

4, 149 

377.7 

13.431 

1.61Q 

362*6 

400.00 

.15 

230 

3723.2 

4.416 

1.4066 

1.5562 

70 

•00015 

4.675 

384.1 

21.488 

1 • b52 

372.0 

1000.00 

.06 

175 

3640.1 

4.416 

1.4349 

1.4047 

55 

•ooaii 

5.430 

390.6 

39.928 

1.694 

381.6 

2000.00 

.03 

142 

3590.9 

4.416 

1.4550 

1.4389 

45 

*00009 

6.096 

394.3 

63.572 

1.719 

387.2 

4000.00 

.02 

114 

3551.2 

4.416 

1.47q5 

1 • 4 0 6 5 

36 

*00007 

6.845 

397.3 

100*938 

1.739 

391.6 




R 

* 0*200 

» percent FUEL 

38.65. O/F 

1.587 




1.00 

o 

o 

o 

■o 

1514 

2969.7 

5.216 

1.3079 

1.6103 

402 

0*00084 

0.000 



0*000 

0*0 

1.05 

57.14 

1497 

2941.7 

5.216 

1.3090 

1.6140 

399 

.00083 

.2 74 

552.1 

2.233 

.209 

49.3 

1.20 

50.00 

1450 

2866.8 

5.216 

1.3120 

1.6022 

389 

•00081 

.533 

340.6 

1.269 

.400 

94.6 

1.40 

42.86 

1398 

2783.2 

5.216 

1.3155 

1.5687 

378 

.00078 

.730 

309.3 

1.077 

.539 

127.4 

1.60 

37.50 

1354 

2713.2 

5.216 

1.3185 

1.5772 

369 

.00076 

.869 

299.6 

1.016 

.632 

149.4 

1.85 

32.49 

1307 

2640.5 

5.216 

1.3217 

1.5651 

359 

.00073 

1.000 

297.3 

1.000 

. 716 

169.2 

2.00 

30.00 

1282 

2601.2 

5.216 

1.3236 

1.5584 

353 

.00072 

1.066 

297.6 

1*004 

. 757 

179.1 

4.00 

15.00 

1079 

2290.0 

5.216 

1.3391 

1.5045 

307 

.00061 

1.572 

316.7 

1.244 

1.029 

243.2 

4.08 

14.70 

1073 

2281.6 

5.216 

1 . 3 j95 

1.5031 

306 

*00061 

1.565 

317.4 

1.256 

1 * 035 

244.7 

10.00 

6.00 

852 

1954.3 

5.216 

1.3559 

1.4516 

251 

.00048 

2.140 

344.7 

2.009 

1.257 

297.2 

20.00 

3.00 

709 

1748.8 

5.216 

1.3656 

1.4232 

213 

•00040 

2.573 

362.0 

3.049 

1.379 

325.9 

40.00 

1*50 

588 

1578.0 

5.216 

1.3715 

1 . 4066 

179 

•00034 

3.010 

376.0 

4.739 

1.472 

348.0 

100.00 

.60 

458 

1396.4 

5.216 

1.3771 

1.3913 

142 

« 00026 

3.619 

390.5 

8.679 

1.565 

370*0 

200.00 

.30 

379 

1286.2 

5.216 

1.3011 

1.3807 

117 

•00022 

4.111 

399.1 

13.070 

1.619 

382.7 

400*00 

.15 

312 

1195.2 

5.216 

1.3861 

1.3677 

96 

•00019 

4.636 

406.1 

22.295 

1.662 

392.9 

1000.00 

• 06 

242 

1099.0 

5.216 

1.3978 

1.3400 

74 

.00013 

5.394 

413.4 

41.976 

1.706 

403.5 

2000.00 

.03 

198 

1041.2 

5.216 

1.4156 

1.2977 

61 

•oooii 

6.014 

417.6 

67.667 

1.733 

409.6 

4000.00 

.02 

161 

994.0 

5.216 | 

1.4350 

1.2568 

50 

•00009 

6.704 

421.1 

108*753 

1.754 

4 14.6 




R 

« 0.250 

. percent fuel 

= 33.51. 0/F 

= 1.984 




1.00 

60*00 

1816 

1249.3 

1 6.015 

1.2835 

1.4954 

481 

0.00092 

0*000 



0.000 

0*0 

1.05 

57.14 

1797 

1220.2 

6.015 

1.2845 

1.4916 

977 

•00091 

.276 

563.4 

2.219 

.207 ! 

50*3 

1.20 

50.00 

1744 

1142.1 

i 6.015 

1.2871 

1.4012 

467 

.00088 

.538 

356.1 

1.283 

.390 1 

96.6 

1.40 

42.66 

1685 

1054.8 

6.015 

1.2901 

1.4692 

456 

.00086 

.736 

316.2 

1.073 

.536 ! 

; 130.1 

1.60 

37.50 

1635 

901.6 

! 6.015 

1.2927 

1.4590 

446 

•00083 

• 676 

306.6 

1.015 

.629 i 

i 152.6 

1.83 

32.70 

1586 

910.0 

6.015 

1.2955 

1.4484 

436 

•00081 

1.000 

304.5 

1.000 

.708 : 

! 171.6 

2.00 

30*00 

1554 

864.1 

6.015 

1.2973 

1.4414 

429 

•00080 

1.076 

305.1 

l.oo* 

.754 ; 

: 103.1 

4.00 

15.00 

1322 

535.4 

6.015 

1.3126 

1.3872 

378 

•00068 

1.576 

325.4 

1.256 

1.027 ! 

i 249.2 

4.08 

14.70 

1315 

526.5 

6.015 

1.3130 

1.3857 

376 

•00068 

1.592 

326.1 

1.267 

1.033 | 

250.0 j 

10.00 

6.00 

1057 

176.7 

6.015 

1.3330 

1.3224 

314 

.00054 

2.147 

355.2 

2.046 

1.258 | 

| 305.5 j 

20.00 

3.00 

886 

' 9954.7 

i 6.015 

1.3461 

1.2847 

269 

.00046 

2.563 

373.6 

3.127 

1.382 

! 335.6 j 

40.00 

1.50 

740 

9760.9 

6.015 

1.3569 

1.2558 

228 

.00038 

2.987 

388.5 

4,663 

1.478 ; 

358.9 I 

100.00 

.60 

560 

9570.0 

i 6.015 

1.3664 

1.2320 

181 

•00030 

3.561 

404.1 

8*984 

1.575 ! 

! 382*3 ! 

200.00 

.30 

481 

9446.9 

. 6.015 

1.3717 

1.2191 

151 

.00025 

4.064 

413.3 

14.394 

1.630 ; 

! 395.6 1 

400*00 

• 15 

399 

9348.4 

6.015 

1.3755 

1.2100 

124 

•00020 

4.582 

420*8 

23.204 

1.675 ! 

! 406.7 | 

1000.00 

.06 

310 

9241.7 

6.015 

1.3821 

1.1940 

95 

•00015 

5.328 

426.6 

43.886 

1.722 

410*0 

2000.00 

.03 

’ 256 

9177.2 

6.015 

1.3886 

1.1805 

78 

.00012 

5.945 

433.3 

71.266 

1.749 

424.6 

4000.00 

*02 

210 

9124.0 

6.015 

1.4039 

1.1482 

64 

*00010 

6.607 

437.0 

115.624 

1.771 

430*0 




R 

= 0.300 

, percent fuel 

* 29.57. 0/F 

= 2.381 




1.00 

60.00 

2089 

9932.7 

6.812 

1.2649 

1.3928 

550 

0*00097 

0.000 



0.000 

0«0 

1.05 

57.14 

2068 

9903.2 

6.812 

1.2657 

1,3898 

546 

.00096 

.278 

568.1 

2.206 

• 206 ! 

50*7 

1.20 

50.00 

2011 

9823.7 

6.812 

1.2678 

1.3811 

536 

•00094 

.541 

359.4 

1.278 

.396 

97.4 

1.40 

42.86 

1946 

9734.8 

6.812 

1.2704 

1.3707 

524 

.00091 

.741 

319.4 

1 . 07 1 

. 5 33 : 

131.3 

1.60 

37.50 

1891 

9660.0 

6.812 

1.2727 

1.3616 

514 

.00089 

.001 

309.9 

1.013 

.626 

154.Q 

1.82 

33.01 

1840 

9590.5 

6.812 

1.2750 

1.3527 

5 0 4 

•00087 

1*000 

307.9 

1.000 

.701 

172.6 

2.00 

30*00 

1803 

9539.8 

6.812 

1.2767 

1.3460 

497 

•00085 

1.082 

308.6 

1.006 

♦ 752 

184.9 ! 

4.00 

15.00 

1547 

9201.7 

6.012 

1.2401 

1.2972 

443 

.00074 

1.585 

330*1 

1.265 

1.025 

2 5**2 

4*08 

14.70 

1540 

9192.5 

6.012 

1.2908 

1.2938 

442 

•00073 

1.590 

330.8 

1.270 

1.032 

253. B 

10.00 

6.00 

1252 

8628.7 

6.812 

1.3101 

1.2326 

374 

•00060 

2.146 

361.2 

2.084 

1*260 

310*0 

20.00 

3.00 

1059 

8595.4 

6.812 

1.3254 

1. 1882 

324 

•00050 

2.555 

380.5 

3.2 04 

1.386 

341.1 

40.00 

1.50 

891 

8398.6 

6.812 

1.3369 

1.1525 

277 

•00042 

2.969 

396.3 

5.032 

1.405 

365.4 

100.00 

.60 

704 

| 8166.3 

6.812 

1.3535 

1.1170 

222 

♦00033 

3.545 

412.7 

9.315 

1.504 

309.8 

200.00 

• 30 

I 587 

! 8056.1 

6.812 

1.36Q7 

1. 1005 

186 

.00027 

4.015 

422.5 

14,975 

1.642 ' 

404. 1 

400.00 

• 15 

487 

j 7947,8 

6.812 

1.3669 

1.0868 

155 

•00023 

4.519 

430.5 

24.203 

1.689 

■ 415.6 

1000.00 

• 06 

381 

1 7032.4 

6.812 

1.3727 

1.0745 

119 

♦00017 

5.249 

430.8 

45.935 

1.73a 

j 427.5 

, 2000.00 

, .03 i 

| 315 

i 7762.2 

6.812 

1.3 77 7 

1.0640 

97 

•00014 

5.855 

443.8 

74,800 

i. 766 

| 434.6 

4000.00 

*02 

260 

! 77Q4.2 

6.012 

1.3833 

1.0529 

79 

*ooou 

6.5 13 

447.9 

121.990 

1.790 

I 440*4 : 
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TABLE IX. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASS I ONE D PRESSURE RATIOS FROM 1 TO 4000 FOR 

LIQUID HYDROGEN WITH LIQUID OXYGEN 

[Equivalence ratio, R; oxidant-fuel ratio, O/F.] 

(e) Continued. Combustion-chamber pressure, 60 pounds per square inch absolute; 
frozen composition during isentropic expansion 


Pressure 

ratio, 

£/p 

Static 

pressure, 

P, 

14/ »q in. 
obi 

Temp- 

erature 

T, 

K 

— 

Enthalpy, 

h, 

iol/g 

Molecular 

weight 

TO 

Isentropic 

exponent 

Y 

Specific 

heat, 

C P 

col/ig)rKi‘ 

Viscos- 

ity, 

M-, 

micro 

poises 

Thermol 

conductivity, 

k, 

col/ wc K°Ki|cm 

1 

Mach 

number 

M 

Specific 
impulse 
in vacuum 
l wac 

< fell ttc i/lb 

Area 

ratio, 

C 

Thrust 

coefficient 

C f 

Specific 

impulse, 

l 

itkHwO/ (lb i 





= 0.350. PERCENT FUEL 

« 26.47, O/F 

* 2.778 




1>00 

60*00 

2329 

60 92 » B 

7.597 

1.2510 

1.3038 

608 

0 00099 

0*000 



0*000 

0*0 

1.05 

57.14 

2307 

6863.2 

7.597 

1.2516 

1.3011 

604 

00098 

.280 

568.1 

2.199 

.205 

50.7 

1.20 

50.00 

2245 

6783.7 

7.597 

1.2534 

1.2936 

594 

■ 00096 

.544 

359.7 

1.274 

.394 

97.4 

1.40 

42.86 

2176 

8694,6 

7.597 

1.2556 

1.2849 

582 

.00094 

.745 

319,9 

1.049 

. 532 

131.3 

1.60 

37.50 

2118 

8619.6 

7.597 

1.2575 

1.2774 

572 

*00092 

• 806 

310.5 

1.012 

.624 

154.2 

1.8 1 

33.18 

2065 

6552.7 

7.597 

1.2593 

1.2705 

563 

r 00090 

1.000 

306.6 

1.000 

.696 

172.0 

2.00 

30.00 

2023 

6498.8 

7.597 

1.2608 

1.2646 

555 

• 00088 

1.087 

309.5 

1.006 

. 75 0 

185.2 

4.00 

15.00 

1748 

8157.4 

7.597 

1.2726 

1.2211 

5q1 

.00078 

1.590 

331.6 

1.273 

1.0** 

253.0 

4. OB 

14.70 

1 741 

8148,1 

7.597 

1.2730 

1.2198 

499 

•00077 

1.603 

332.4 

1.266 

1-0^0 

254.6 

10.00 

6.00 

1430 

7777.6 

7.597 

1.2906 

1.1616 

429 

•00064 

2.150 

363.7 

2. 114 

1.261 

311.5 

20.00 

3.00 

12 19 

7537.8 

7,597 

1 • 30^7 

1.1171 

3 76 

-00054 

2.551 

383.8 

3.272 

1.390 

343.4 

40.00 

1.50 

1033 

7334.0 

7.597 

1.3209 

1.0765 

325 

■00046 

2.955 

400.2 

5.170 

1.491 

368.3 

100.00 

.60 

823 

7112.3 

7.597 

1*3383 

i • 034 7 

263 

.00036 

3.515 

417.4 

9.636 

1.593 

393.6 

200.00 

.30 

689 

6975.5 

7, 597 

1.3490 

l.Ol 10 

22 1 

00030 

3.970 

427.7 

15.552 

1.653 

408.4 

400.00 

.15 

575 

6861.1 

7.597 

1 .35b8 

.9946 

185 

-00024 

4.461 

436.0 

25.218 

1.70* 

420.5 

1000.00 

• 06 

451 

6738.6 

7.597 

1.3645 

.9790 

145 

00019 

5.172 

444, B 

48.013 

1.753 

432.9 

2000.00 

.03 

375 

6664.0 

7.597 

1.3696 

.9692 

118 

00015 

5.763 

450.1 

78.373 

1.783 

44Q.4 

4000.00 

.02 

310 

6602.0 

7.597 

1.3746 

.9598 

96 

00012 

6 • 4q 7 

454,4 

126, 116 

1.607 

446.5 




R 

= 0.400 

♦ percent fuel 

= 23.95, O/F 

* 3.175 




1*00 

60*00 

2531 

8050*5 

8.363 

1.2404 

1.2259 

656 

0 00100 

O'OOO 



0*000 

0*0 

1.05 

57.14 

2508 

6Q21.3 

8.363 

1.241Q 

1.2237 

653 

•00099 

.281 

564.6 

2.193 

.205 

50*4 

1.20 

50.00 

2443 

7942.8 

8.363 

1.2425 

1.2174 

642 

•00097 

.547 

357.7 

1.271 

.393 

96.8 

1.40 

42.66 

2371 

7854.6 

8.363 

1.2444 

1.2099 

63 1 

•00095 

.740 

316.3 

1.067 

.530 

130*6 

1 . 60 

37.50 

2309 

7780.4 

8.363 

1.2461 

1.2033 

620 

•00093 

.889 

309.0 

1.012 

.623 

153.3 

1.60 

33.31 

2256 

7716.2 

8.363 

1.2476 

1.1972 

611 

* 00091 

1.000 

307.3 

1.000 

.693 

170.6 

2.00 

30*00 

2209 

7660.6 

8.363 

1.2490 

1.1919 

603 

-00090 

1.091 

308.2 

1.007 

.748 

104.2 

4.00 

15.00 

1920 

732 l.C 

8.363 

1.2591 

1.1547 

549 

-00080 

1.594 

330.7 

1.260 

1.0*3 

251.9 

4. OS 

14.70 

1912 

7311. 7 

8. 36'J 

1.2594 

1.1536 

546 

00079 

1.607 

331.5 

1.292 

1.030 

253.5 

10.00 

6.00 

15e3 

6940.6 

8.363 

1.2752 

1 .1009 

476 

0006 7 

2.151 

363.4 

2.138 

1*262 

310.8 

20.00 

3.00 

1359 

6698.7 

8.363 

1.2094 

1.0585 

421 

00057 

2.548 

363.9 

3.327 

1.393 

343.0 

40.00 

1.50 

1159 

6491.7 

8.363 

1.3046 

1.0178 

366 

-000*8 

2.945 

400*8 

5.287 

1.496 

368.3 

100.00 

.60 

931 

6264.6 

0. 363 

1.3239 

.9712 

301 

00038 

3.492 

418.6 

9.910 

1* 6q 1 

394.2 

200.00 

. 30 

784 

6123.9 

8.363 

1 .3366 

.9436 

255 

00032 

3.934 

429.2 

16.077 

1.663 

409.4 

400.00 

• 15 

657 

6005.5 

6.363 

1.3467 

.9230 

214 

00026 

4.411 

437.9 

26.157 

1. 713 

421*8 

1000.00 

• 06 

518 

5878.1 

0.363 

1.3573 

.9026 

166 

00020 

5. 102 

447.1 

49.977 

1. 766 

434.0 

2000.00 

j .03 

431 

5800.3 

8.363 

1.3627 

. B928 

139 

00016 

5.680 

452.6 

81 * 743 

1.797 

442.5 : 

4000. oc 

1 ■° 2 .; 

358 

5735.5 

8.363 

1.3600 

.8833 

113 

00013 

6.309 

457.1 

133.696 

1.823 ] 448.8 




R 

* 0.450 

* percent FUEL 

* 21.8 

7, O/F 

* 3.571 



' 

1.00 

60*00 

2696 

! 7354.5 

9. 102 

1.2326 

1.1570 

696 

0 00099 

0*000 



0.000 

0»0 

1.05 

57.14 

i 2671 

! 7325.9 

9.102 

1.2331 

1.1550 

692 

,00099 

.282 

558.6 

2. 188 

• 2 Q4 

49.9 

1.20 

50.00 

! 2604 

1 7249.0 

9.102 

1.2344 

1. 1496 

682 

-00097 

.548 

354.0 

1.269| .392 

95.8 

1.40 

42. B6 

! 2529 

7162.6 

9. 102 

1.2360 

1. 1434 

670 

•00095 

.750 

315.1 

1.066 

.529 

129.2 

1.60 

37.50 

2465 

7089.8 

9.102 

1.2375 

1.1377 

660 

•00093 

.891 

306.1 

1 .on 

.622 

151.6 

1.80 

33.41 

2411 

7028.4 

9.102 

1.2368 

1.1326 

651 

•00092 

1.000 

304.4 

1.000 

.690 

166.4 

2.00 

30.00 

2362 

6972.2 

9. 102 

1.2401 

1.1278 

643 

-00090 

1.093 

305.4 

1 * 008 

. 747 

102.4 

4. OC 

15.00 

2061 

6638.0 

j 9.102 

1.2490 

1.0950 

589 

•00081 

1.597 

326.1 

1.264 

1.0*3 

249.7 

4. OS 

14.70 

! 2053 ( 

6628.3 

9.102 

1.2-.93 

1.0940 

587 

• 0008 0 

1.610 

326.9 

1.297 

1.0*9 

251.3 

10. OC 

j 6.00 

1710 : 

6261.7 

9.102 

1.2637 

1.0464 

516 

, 00068 

2.153 

361.0 

2.157 

1.263 

308.4 

20.00 

3.00 

1476 : 

6021.0 

! 9.102 

1.2766 

1.0076 

460 

. 00059 

2.547 

381.8 

3.370 

1.395 

340.6 

40.00 

! 1.50 

1266 

5813.3 

9.102 

1.2911 

.9692 

405 

• 00050 

2.938 

399,0 

5.38o 

1.500 

366.1 

100.00 

.60 

1024 

5585.4 

9.102 

1.3112 

.9199 

334 

- 0004 0 

3.474 

417.1 

10.154 

1.607 

392*3 

200.00 

! .30 

866 

5442.7 

9.102 

1.3250 

.8901 

205 

• 00O33 

3.9 0 6 

428.0 

16.525 

1.670 

4q7 • 9 

400.00 

.15 

729 

5322.2 

9.102 

1.3373 

.8657 

241 

•00027 

4.37o 

437.0 

26.977 

1.722 

420.5 

loco. 00 

! .06 

577 

5192.1 

9.102 

1.3495 

.0430 

190 

■ 000*1 

5.045 

446.4 

51.722 

1.777 

433.8 

2000.00 

.03 

: 48i 

5112.3 

9. 102 

1.3569 

.8300 

15B 

• 00017 

5 . 609 

452.0 

84, 764 

1.809 

441.7 

4000.00 . .02 

401 

5Q45.7 ; 

9. 102 

i • 362 5 

.0207 

129 

. 0001* 

6.225 

456.7 

139.079 

1.036 

440.2 i 




R 

= 0.500 

. percent fuel 

a 20.12, O/F 

= 3.968 





1.00 

60*00 

2828 

6769.6 

9.811 

1.2265 

1.0967 

728 

0-00098 

0.000 


0*000 

0-0 

1.05 

57.14 

2802 ; 

6741.8 

9.811 

1 .2270 

1,0949 

724 

•00098 

• 283 

551.1 

2,184 

.204 

49.2 

1.20 

50.00 

2734 

6666.9 

9.811 

1.2283 

1.0899 

714 

. 00096 

.550 

349.4 

1.268 

.39* 

94.5 

1.40 

42.8 6 

2657 

6582.8 

9,811 

1 .2298 

1.0«41 

70* 

. 00094 

.751 

311.1 

1.065 

.520 

127.5 

1.60 

37.50 

2591 

6511.8 

9.011 

1.2311 

1.0791 

692 

. 00092 

.893 

302.2 

1.011 

.621 

149.0 

1.79 

3 3.49 

2536 

6453.1 

9.011 i 

1.2322 

1.0749 

684 

.00091 

1.000 

300-6 

1.000 

.68 8 

166.0 

2.00 

30*00 

2484 

6397.2 , 

9.811 1 

1.2333 

1 . 0 7 06 

675 

•00089 

1.096 

301.6 

1.000 

. 746 

100*0 

4.00 

15.00 

2175 1 

6Q70.5 

9.811 i 

1.2415 

1.0411 

622 

*00080 

1.399 

324.4 

1.280 

1.0** 

246.6 

4.CS 

14.70 

2166 ! 

6061.5 

9.811 ! 

1.2418 

1.0402 

620 

*00080 

1.612 

325.1 

1.301 

1.0*9 

240.2 

10.00 

6.00 

1813 

5701.2 

9.811 

1.2548 

.9976 

549 

.00069 

2.153 

357.3 

2.172 

1.264 

304.9 

20.00 

3.00 

1571 

5463.9 

9.011 ■ 

1.2667 

.9619 

492 

*00060 

2.343 

370.1 

3.404 

1.397 

337.1 

40.00 

1.50 

1354 

5258.9 

9.611 . 

1,2806 

.9245 

436 

*00051 

2.933 

395.5 

3.454 

1.503 

362.6 

100.00 

.60 

1102 

5031.6 

9.811 

1.3003 

• B 7b9 

363 

*00041 

3.461 

413.8 

10.346 

1.612 

388.9 

200.00 

.30 

936 

4800.8 

9.811 

1,3150 

.8455 

312 

*00034 

3.885 

424.9 

16,895 

1.677 

4Q4.5 

400.00 

.15 

790 

4767,9 

9.811 

1.3283 

.8194 

264 

.00028 

4.339 

434.0 

27.668 

1.730 

417.3 

1000.00 

.06 

628 

4636,8 

9.011 

1.3426 

.7938 


.00022 

4.999 

443.6 i 

53.222 

1. 785 

430.8 

2C00.00 

.03 

525 

4556,1 

9.811 

1.3514 

.7790 

173 

•00018 

5.550 

449.4 

67,397 

1.019 

430.9 

4000.00 

.02 

438 

4488.6 

9.eil 

1.3579 

.7685 

143 

♦ 00015 

6.154 

454.2 

143,60fc 

1.046 

445.5 
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FOR 

LIQUID HYDROGEN WITH LIQUID OXYGEN 

[Equivalence ratio, R; oxidant-fuel ratio, 0/F . ] 

(e) Continued. Combustion-chamber pressure, 60 pounds per square inch absolute; 
frozen composition during isentropic expansion 


Pres su re 
ratio, 

Static 

pressure, 

P. 

Temp- 

erature 

T, 

K 

Enthalpy, 

h. 

Molecular 

weight. 

Isentropic 

exponent, 

Specific 

heat, 

Viscos- 

ity, 

M, 

Thermal 

conductivity. 

Mach 

number 

Specific 
impulse 
in vacuum, 

Area 

ratio, 

Thrust 

coefficient 

Specific 

impulse. 

P c /P 


cal/g 

<U1 

7 

V 

cal / I'oH°K 1 ' 

micro 

poives 

k, 

c d/liwc l| a K:-(c#n 

M 

llbHwcl/fc 

e 

c f 

I. 

ilbl>:tKi/|lb; 





= 0.600* percent FUEL 

= 17.35. O/F 

* 4.762 




1.00 

60.00 

3015 

" 

5841.6 

11.142 

1.2162 

0*9956 

777 

0*00095 

0*000 


r 

0*000 

0*0 

1.05 

57.14 

2989 

5815. 5 

1 1. 142 

1.2166 

.9942 

773 

.00094 

.284 

5 34.1 

2.179 

.203 

47.7 

1.20 

50.00 

2918 

5745.1 

1 1. 142 

1 * 2 1 97 

.9901 

763 

.00093 

.551 

338 .8 

1.265 

• 391 

91.6 

1.40 

42.86 

2836 

5666.0 

11.142 

1.2210 

.9053 

751 

.00091 

.754 

301.8 

1 .064 

.527 

123.6 

1.60 

37.50 

2770 

5599.2 

11. 142 

1.2222 

.98 10 

741 

.00089 

.896 

293.2 

1.010 

.620 

145.2 

1.79 

33.59 

2715 

5545.4 

11.142 

1.2232 

.9 774 

733 

•00088 

1.000 

291.8 

1.000 

.685 

160*5 

2.00 

30.00 

2660 

5491.2 

11.142 

1. 2292 

. 9737 

724 

.00087 

1.099 

292.8 

1.000 

. 745 

174.6 

4.00 

15.00 

2339 

5162.6 

11.142 

1.2312 

.9498 

671 

•00079 

1-602 

315.3 

1.293 

1.02* 

239.5 

4.08 

14.70 

2330 

5174.1 

11.142 

1.2314 

.9491 

669 

•00078 

1.615 

316.0 

1.307 

1.028 

24l.o 

10.00 

6.00 

1963 

4831.6 

1 1. 142 

1.2426 

.9136 

598 

•00088 

2.155 

347.8 

2. 192 

1.265 

296.4 

2 0.00 

3.00 

1710 

4605.Q 

11.142 

1.2533 

.8826 

541 

*00060 

2.543 

368.5 

3.452 

1.399 

320-0 

40.00 

1.50 

1463 

440 7.9 

11.142 

1.2656 

.8499 

484 

•00052 

2.927 

385.0 

3.559 

1.5o7 

353.2 

100.00 

.60 

1217 

4167.7 

1 1. 142 

1 .2043 

.805 7 

409 

.00042 

3.444 

404.2 

10.621 

1.610 

379.4 

200.00 

. 30 

1041 

4048.4 

11.142 

1.2995 

. 7739 

354 

*00035 

3.056 

415.5 

17.444 

1.685 

395.0 

400. 00 

.15 

664 

3929.6 

11.142 

1.3139 

. 7464 

303 

•00029 

4.295 

424.7 

20.712 

1.740 

4q7 . 9 

1000.00 

.06 

707 

3800.0 

11*142 

1.3311 

.7170 

242 

.00023 

4.931 

434,5 

55. 540 

1.798 

421.5 

2000.00 

.03 

594 

3719.7 

11.142 

1 . 3914 

.7007 

202 

•00019 

5.465 

440-4 

91.527 

1.833 

429.7 

4000.00 

.02 

497 

3652.4 

11.142 

1.3504 

.6874 

168 

•00015 

6.048 

445.3 

150*804 

1.862 

436.4 




R 

= 0.700* PERCENT FUEL 

* 15*25. O/F 

* 5.556 




1.00 

60.00 

3126 

5138.3 

12.360 

1.2132 

0.9147 

311 

0*00090 

0.000 



0*000 

0*0 

1.05 

57.14 

3101 

5113.9 

12.360 

1 .2136 

.9135 

807 

•00090 

.284 

516.6 

2.176 

.203 

46.1 

1.20 

50.00 

3029 

5048» 1 

12.360 

1.2146 

.9101 

797 

.00089 

.552 

327.7 

1.264 

.390 

68.6 

1.40 

42.86 

2947 

4974,0 

1 2. 360 

1.2157 

.9060 

785 

•00087 

.753 

292.0 

1.063 

.527 

119.6 

1.60 

37.50 

2878 

4911.5 

12.360 

1.2166 

.9024 

775 

• 0008 5 

.896 

283.8 

1.010 

.619 

140.5 

1.70 

33.66 

262 3 

4861.9 

12. 360 

1.21 77 

.8993 

766 

.00084 

1.000 

282.4 

1.000 

.683 

155.1 

2.00 

30.00 

2765 

4610*3 

12. 360 

1.2187 

.8960 

758 

•00083 

l.loo 

283.4 

1.009 

.744 

160.9 

4.00 

15.00 

2439 

452 0.6 

12. 360 

1.2249 

.8755 

704 

.00076 

1 .604 

3C5.4 

1.296 

1.021 

231.8 

4.06 

14.70 

2429 

4512.6 

12. 360 

1.2251 

.8749 

70-1 

.00076 

1.617 

306.2 

1.310 

1.028 

233.3 

10.00 

6.00 

2055 

4190.3 

12. 360 

1.2353 

.8440 

631 

•00066 

2.156 

337.2 

2.204 

1.265 

287.2 

20.00 

3.00 

1 797 

3975.9 

12. 360 

1.2451 

.8166 

574 

•00068 

2.542 

357.5 

3.481 

1.401 

318.0 

40.00 

1.50 

1564 

3788.9 

12.360 

1.2564 

.7879 

517 

•00051 

2.923 

374.6 

5.624 

1-509 

342. 7 

100.00 

.60 

1291 

3579,1 

12.360 

1*2741 

.7473 

440 

•00092 

3.434 

392.8 

10.796 

1.623 

368.3 

200-00 

• 30 

1106 

3445.6 

12. 360 

1.2890 

.7171 

384 

■00035 

3.839 

404.Q 

17.797 

1.691 

383.8 

400.00 

.15 

946 

3331.4 

12. 360 

1.3040 

.6897 

331 

*00029 

4.269 

413.2 

29. 399 

1.747 

396.5 

1000*00 

.06 

760 

3206.1 

12. 360 

1.3224 

.6595 

266 

•00023 

4.890 

423.Q 

57. 120 

1. 006 

410*0 

2000.00 

.03 

640 

3128.2 

12. 360 

1.3341 

.6420 

223 

•00019 

5.41o 

428.9 

94.365 

1.042 

418.2 

4000.00 

*02 

537 

3062.8 

12.360 

1.3441 

.6260 

186 

•00016 

5.979 

433.8 

153.825 

1.072 

425.0 




R 

= 0*800 

. percent fuel 

= 13.60. O/F 

=* 6-349 




1.00 

60*00 ; 

3 186 

4586.9 ! 

13.470 

1.2103 

1.2106 

0*8490 

835 

0*00086 

0*000 



0.000 

0*0 

1.05 

57.14 

3161 

4564.0 

13.470 

.8480 

631 

*00086 

.285 

499.6 

2 .174 

.203 

44.6 

! 1.20 

50.00 

3088 

4502.5 ; 

13.470 

1.2115 

.6451 

821 

*00084 

.553 

317.0 

1.263 

. 390 

85.7 

, 1.40 

42.86 

3006 

4433,2 i 

13.470 

1.2 126 

.3415 

6C9 

*00003 

.756 

282.5 

1.063 

.526 

115.6 

i 1.60 

i 37.50 

2936 

! 4374.7 

13.470 

1,2136 

.8382 

798 

*00082 

.899 

274.6 

1-010 

.616 

135.9 

! 1.78 

| 33.69 

2881 

: 4326.7 

13.470 

1.2144 

.8356 

790 

*00081 

1.000 

273.3 

1.000 

.602 

149.9 

i 2.00 1 

30.00 

262 3 

; 4279.9 : 

13.470 

1.2154 

.8326 

781 

*00079 

l.lol 

274.3 

1.009 

. 744 

163.4 

4.00 

! 15.00 

2493 

! 4000.4 

1 3 » 4 ?Q 

1.2213 

• 8143 

727 

*00073 

1.605 

295.7 

1.298 

1.021 

224.4 

1 4.06: 

14.70 ! 

2464 

4000.9 ] 

1 3 • 7 0 

1.2C 15 

.8 137 

725 

•000/2 

1.618 

296.4 

1.312 

1.020 

225.8 

10.00 

6.00 

2106 

3698.1 

13.470 

1.2311 

.7660 

6 54 

*00063 

2.156 

326.7 

2 ,212 

1.266 

278. 1 

20.00 

3.00 : 

1845 : 

3496.4 

13*470 

1.2402 

.7617 

597 

•00056 

2 .542 

346.5 

3 .499 

1.4Q2 

306*0 

40.00 

1.50 ■ 

1609 ! 

3319.9 

13.470 

1.2509 

.7355 

539 

•00050 

2.921 

363. 1 

5.664 

1. 511 

332.0 

100-00 

.60 

1 3 33 i 

3121.5 

13.470 

1.2660 

.6980 

462 

.00041 

3.429 

381.0 

10.902 

1.625 

357.1 

200.00 : 

.30 

1148 

2994.8 

13.470 

1.28/4 

♦ 6699 

405 

.00035 

3.829 1 392.0 

10.014 

1,694 

372.2 

400.00 ! 

.15 

962 

1 2686.1 

13.470 

1.29/5 

.6434 

350 

*00029 

4.254 

401.1 

29.028 

1.751 

384.7 

1000.00 1 

! .06 

792 

: 2766.6 

13.470 

1.3164 

.6138 

284 

.00023 

4.865 

410.8 

50 .120 

1.811 i 

39B.0 

2000.00 i 

.03 

669 

2692,0 

13.470 

1.3290 

. 5960 

239 

.00019 

5.377 

416.6 

96.197 

1.648 j 

406.1 

4000.00 ' 

.02 

562 

2629.2 

13.470 

1.3397 

♦ 5619 

200 

•00015 

5.937 

421.5 

159.100 

1.870 ! 

412.7 




R 

= 0.900 

, percent FUEL 

= 12.28. O/F 

= 7.143 




1.00 

60.00 

32 13 

4142.9 

14.479 

1.2066 

0.7951 

652 

0*00082 

0*000 



0*000 

o.o 

1.05 

57.14 

3186 

4121.5 

14.479 

1 .2069 

.7942 

648 

*00082 

.285 

403.8 

2.173 | 

• 203 

43.2 

1.20 

50.00 

iiii 

4063.6 

14.479 

1.2096 

. 7915 

837 

• 0 006 1 

.P33 

■SO 7 • 0 

1.263 ' 

.390 

83.0 

1.40 

42.66 

3031 

3998.8 

i4.479 

1.2106 

. 7683 

825 

*00079 

.757 

/ 7 3 • 6 

1.063 

.526 

112.0 

1 .60 ; 

37.50 i 

2961 

3943.9 ; 

14.479 

1.2116 

. 7855 

815 

.00078 

.8 99 

2 66.0 

1.010 

.618 

131.6 

1.78 i 

33.72 : 

2907 

3901.1 ' 

14.479 

1 .2 126 

. 7829 

6Q6 

•00077 

l.COO 

264.7 

1.000 

.601 

145.1 

2.00 

30.00 ! 

2840 

38 54* y 

14.479 

1 ,2 1 55 

. 7802 

797 

•000/6 

1.102 

265.7 

1.009 

• 744 

158.3 

4.00 

15.00 ! 

2518 

3600.0 

14.479 

1 .2 :92 

. 7634 

74 2 

.00069 

1.606 

286.5 

1.299 

1.021 

217.4 

4.08 

14.70 i 

2508 

3592.9 , 

i 4. 479 

1 . 2 1 94 

. 7629 

741 

.00069 

1.619 

287,2 

1.313 , 

1.028 

218.6 : 

10.00 

6.00 i 

2 129 

3308*4 

14.4/9 j 

1.228 / 

. 7 374 

669 

.00061 

2.156 

316.7 

2.216 i 

1.266 

269.5 

20.00 

3.00 ' 

I860 

3116.4 

i*.479 

i • 2 5 / 4 

.7153 

611 

•00054 

2.341 

335.9 

3 * 5q9 ! 

1.4 0 2 i 

298.6 

40.00 

1.60 

1632 

295c. C 

14.9/9 | 

i • £ 4 / a 

.6910 

553 

•000^8 

2.919 

352.2 

5.686 

1.512 | 

321.9 

100.00 

.60 

1364 

2764.9 

14.9/9 I 

1 . CQ99 

.6562 

476 

.00)39 

3.425 

369.6 

10.964 

1.626 

346.3 

200.00 

.30 

1160 

2645.1 

19.9/9 

1 .2 / 0 6 

.6299 

418 

•00034 

3.824 

300.3 

10.140 

1.696 ; 

361.0 

400.00 

.15 

1001 

254C.1 

14.9/9 

1 . 2 9 1 b 

• 6Q4B 

363 

.00020 

4.245 

309.2 

30.000 

1.753 

373.2 

1000.00 

.06 

809 

2420. 7 

14.979 

1 * J I/O 

.6/62 

29b 

■00022 

4.851 

390.7 

50.719 

1.614 

386.2 

2000.00 

.03 

664 

2357.0 

19.9 79 

1.3250 

.5500 

250 

.00016 

5.357 

404 . 5 

97.311 

1.851 

394. 1 

4000.00 

.02 

575 

2298.1 

19.9/9 

1.330/ 

.5446 

2 10 

.00015 

5.912 

409.2 

161.114 

1.802 

400*7 
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIC NED PRESSURE RATIOS FROM I TO 4000 FOR 

LIQUID HYDROGEN WITH LIQUID OX' GEN 

[Equivalence ratio, R; oxidant-fuel ratio, O/F.J 

(e) Continued. Combustion-chamber pressure, 60 pounds per square inch absolute; 
frozen composition during isentrop! ceexpan 3 ion 


Preisure 

ratio, 

P c /P 

Static 
press ore, 
P. 

*/£'" 

Temp 

eroture, 

T, 

°K 

Enthalpy, 

h, 

Molecular 

weight 

0)1 

Isentroplc 

exponent, 

Y 

Specific 

heat, 

V 

td/tgll 0 *! 1 

Viscos- 

ity 

A, 

micro 

poises 

Thermot 

conductivity, 

k, 

«,i/(«k>< d k: <b 

Mach 

number 

M 

Specific 
impulse 
in vacuum, 

l ¥Dt 

db>(Mc]/Jb 

Area 

ratio, 

t 

Thrust 

coefficient 

c F 

Specific 

impulse, 

l 

< fo K mi 




R = 1.000. percent fuel 

- 11.19, OF 

= 7.937 




woo 

60.00 

3217 

3777.9 

15.399 

1.2077 

0*7503 

864 

0»000 '9 

0.000 



0.000 

0*0 

1.03 

57.14 

3 1 VO 

3757.7 

15. 399 

1 . 2080 

. 7494 

860 

.000 8 

.285 

469.4 

2.173 

.203 

41.9 

1.20 

30.00 

3118 

3703.4 

15.3V9 

i . 2068 

.7470 

849 

• 000 7 

.554 

297.9 

1.262 

.390 

80* 5 

1.40 

42.8 6 

3036 

3642.1 

15.3W 

1.20W 

.7439 

837 

• 000 6 

.757 

265.5 

1.063 

.526 

108*7 

1.60 

37.50 

2 V66 

35V0.4 

15. 3V9 

1.2108 

.7412 

826 

.000 5 

• 899 

2 58.1 

1.010 

• 618 

127.7 

1.70 

33.73 

2 VI 2 

3550.2 

15.399 

1.2116 

.7369 

o 16 

•000 >4 

1.000 

256.9 

1.000 

.681 

140.7 

2.00 

30.00 

2853 

3506.7 

15.399 

W 2 123 

.7364 

608 

•00013 

1.102 

257.9 

1.009 

. 743 

153.6 

4.00 

15.00 

2523 

3266.5 

15.399 

1.2181 

.7207 

753 

•00066 

1.606 

278.1 

1.300 

1*021 

210*9 

4 ,06 

14.70 

2514 

3259.8 

15.399 

1.2163 

.7202 

751 

• 0 00 66 

1.619 

278.8 

1.313 

1.027 

212.3 

10.00 

6.00 

2135 

2991.6 

15.399 

1.2274 

.6965 

678 

.00058 

2.156 

307.4 

2.218 

1.266 

261.6 

20.00 

3.00 

1875 

2812.4 

15.399 

1.2360 

.6739 

621 

•000“ 2 

2.541 

326.2 

3.515 

1.40 3 

289.8 

40.00 

1.50 

1636 

2655.5 

15.399 

1.2462 

.6532 

562 

•000*6 

2.919 

341.9 

5.698 

1.512 

312.5 

100.00 

.60 

1361 

2478.5 

15.399 

1.2623 

.6207 

405 

•00036 

3.424 

359.0 

10.997 

1.627 

336.2 

200.00 

.30 

1175 

2365.3 

15. 399 

1.27t>4 

.5960 

427 

♦00032 

3.821 

369.4 

1 B . 2 0 6 

1.697 

35q • 6 

400.00 

. 15 

1006 

2ib7.0 

15. 399 

1.2912 

.5/22 

372 

• 000 7 

4.241 

370.1 

30.216 

1.754 

362. 5 

1000.00 

.06 

815 

2160. 3 

15.399 

1.3103 

.3449 

304 

• 000 1 

4.644 

307.4 

59.055 

1.016 

375.2 

2000.00 

.03 

6V0 

2093.1 

15.399 

1.3233 

• 52b0 

258 

• 000 6 

5.347 

393.0 

97.944 

1.053 

382.9 

4000.00 

.02 

5b 1 

2036.3 

15.399 

1.3348 

.5143 

217 

• 000 5 

5.898 

397.7 

162.275 

1.804 

309.3 




R 

* 1.500 

, percent FUEL 

* 7.749, 0 F 

*11*905 




1.00 

60.00 

31 16 

2626. 1 

18.987 

1.20B2 

0*6073 

889 

0.000 6 

0*000 



0-000 

0*0 

1.05 

57.14 

3090 

2610.2 

18.987 

U2Q65 

.6065 

884 

.000 5 

.285 

416.0 

2.173 

.203 

37.1 

1.20 

50.00 

3019 

2567.5 

18.987 

1.2 y94 

» 6Q44 

873 

• OOO: 4 

.553 

264*0 

1.263 

.390 

71.4 

1.40 

42.66 

293V 

2519.5 

18. 987 

1.2105 

.6019 

859 

• 000 ‘ 3 

.757 

235.3 

1.063 

.526 

96.3 

1.60 

37.50 

2872 

2478,9 

18.987 

1.2115 

.5996 

848 

.00062 

.099 

220.7 

1.010 

.616 

113.2 

1.76 

33.72 

2619 

2447.2 

16.967 

1.2 123 

.5977 

839 

.00061 

1.000 

227.6 

1.000 

.681 

124.7 

2.00 

30*00 

2762 

2413.1 

18.987 

1.2132 

.5936 

829 

•00060 

1.102 

228.5 

W009 

. 744 

136. 1 

4.00 

15.00 

2442 

2224.5 

18.987 

1.2169 

.5620 

770 

•000 : 5 

1 . 6q6 

246.4 

1*300 

1.021 

186.9 

4.06 

14.70 

2433 

221V. 3 

1 6 « 987 

1.2191 

.5824 

7bb 

•000 >5 

1.619 

247 . 0 

1.313 

1.028 

ldb.l 

10.00 

6.00 

2066 

2008.8 

16.987 

1.2202 

.5633 

692 

• ooo « 

2.156 

272.3 

2.217 

1.266 

231.0 

20.00 

3.00 

1 0 1 3 

1 8 fa 8 » 3 

18.987 

1.2308 

. 5406 

632 

• 000' 3 

2.542 

206.9 

3.51 1 

1.402 

256.8 

40.00 

1.50 

1564 

1745.2 

18.987 

1.2467 

.5289 

573 

.000 8 

2.920 

3q2 . 9 

5.691 

1.512 

276.9 

100.00 

.60 

1315 

160b. 5 

18.987 

1.2624 

. 5035 

495 

• OOO 1 

3.425 

318.0 

10.982 

1.627 

297,9 

200.00 

.30 

1136 

1517.7 

18.987 

1.27^7 

.4843 

439 

.000- 7 

3.024 

327.2 

18.186 

1.696 

310.6 

400.00 

.15 

975 

1441.2 

18.987 

1.2698 

.4658 

304 

.000' 3 

4.244 

334.9 

30.198 

1.7 54 

321.1 

1000.00 

.06 

76V 

1356.9 

18.987 

1 . 30«2 

.4442 

317 

• 000 8 

4.046 

343.1 

59.073 

1.815 

3 32.3 

2000.00 

.03 

66V 

1304.1 

18.987 

1.3212 

.4305 

271 

• 000 5 

5.347 

348.1 

90.060 

1.852 

339.2 

4000.00 1 

• 02 

564 

1259.5 

18. 98 7 

1 .3329 

.4 190 

230 

• 000 3 

5.B96 

352 .3 

162.595 

1.0 83 

344.8 




R 

=* 2.000 

, PERCENT FUEL 

* 5.927. 0. F 

*15.873 




1.00 

60*00 

2966 

2016.0 

21.453 

1.2116 

0.5304 

886 

0*000) 7 

0*000 



0*000 

0*0 

1.05 

57.14 

2 941 

2002.7 

21.453 

1.2119 

.3297 

602 

• 000 7 

.264 

301.0 

2.175 

.203 

34.1 

1.20 

60-00 

2873 

1966. 7 

21.453 

1.2129 

.5277 

870 

• 000“ 6 

.553 

242*3 

1.264 i 

.390 

65.5 

1.40 

42.86 

2 7V6 

1V26.3 

21.453 

1.2141 

.5253 

056 

.000 5 

.756 

215.9 

1.063 ; 

.526 

08.4 

1.60 

37*50 

2731 

1892.1 | 

21.453 

W 2 1 3 1 

.5232 

044 

.000) 4 

.898 

209.8 

1.Q10 | 

• 619 

103. 9 

1.76 

33.66 

2679 

1665.1 : 

21.453 

1.2160 

.5215 

034 

.000' 3 

1.000 

208.8 

1.000 i 

.683 

114.6 

2.00 

30.00 

2625 

1836.7 ; 

, 21.453 

1.2169 

.5196 

024 

•000“ 2 

l.lol 

209.6 

1.009 I 

. 744 

124.9 

4.00 

15.00 

2316 

1678.3 

1 21.453 

1.2230 

.5079 

763 

.000' 8 

1.604 

225.9 

1.297 i 

i 1.021 

171.4 

4.08 

14.70 

2308 

1673.9 

i 21.453 

1.2232 

.5076 

761 

.000' 7 

1.618 

226.4 

1.311 

i 1.028 

172.5 

10.00 

6.00 

1954 

1497.4 i 

! 21.453 

1 .2327 

• 4906 

68 2 

.000' 1 

2.156 

249.5 

2.208 

1.265 

212.4 

20*00 

3.00 

171! 

1379.8 i 

l 21.453 

1.2416 

.4 / 60 

622 

■ 000 7 

2.543 

264.6 

3.492 

1 • 4 0 1 

235.3 

40.00 

1.50 

1492 

1277.1 : 

21.453 

1.2317 

* 460 7 

562 

• 000 2 

2.923 

277.3 

5.650 

1.510 

253.6 

100*00 

.60 

1236 

1161.6 

21.453 

W2b71 

.4394 

480 

*000. 7 

3.433 

290.9 

10.078 

1.624 

272.7 

200*00 | 

.30 

1065 

10«7.9 

21.453 

1.2601 

.4233 

4 3 1 

• OOO. 3 

3.835 

299.3 

17.906 

1.693 

204.2 

400.00 ! 

• 15 

912 

1024.5 

21.453 

1.2935 

.4062 

376 

• 000. 0 

4.259 

306.2 

29.022 

1.750 

293.7 

1000.00 

.06 

737 

954.7 

21.453 

1.3114 

.3901 

313 

• 000 6 

4.866 

313.7 

i 58.249) 

i 1. bio 

303.9 

2000.00 

.03 

624 

911.1 

21.453 

1.3241 

.3764 

269 

.000 3 

5.374 

318.2 

96,601 ; 

S 1.847 

310*1 

4000*00 

• 02 

525 

874.3 

21.453 

1.3338 

.3685 

229 

• 000 1 

5.927 

321.9 | 160.027 

1.877 

315.2 




R 

= 3.000 

, percent fuel 

* 4.Q31 • 0, F 

*23 • 8 lo 




WOO 

60*00 

2655 

1381*4 

24.532 

1.2209 

0.4476 

B51 

0*000' 7 

0*000 



o*ooc 

0*0 

1.05 

57.14 

2632 

1371.0 

24.532 

1.2213 

• 44/0 

847 

• 000' 6 

.283 

337.8 

2.101 

.204 

30*1 

1.20 

50.00 

2569 : 

1342.8 

24.532 

1.2224 

.4432 

634 

.000* 6 

.551 

214.2 

1.266 

.391 

57.9 

1.40 

42.86 

2498 ; 

1 1311.2 

24.332 

1.223/ 

.4430 

020 

.000* 3 

.753 

190.0 

1.064 

.520 

78.2 

1.60 

37.50 

mil 

1264.5 

i 24.332 

1.2249 

.4411 

007 

*000' 4 

.895 

185.4 

i.oio 

.620 

91.0 

1.7V 

33.56 

23 66 

1262,6 

24.332 

1 .22b0 

.4393 

797 

. 000^3 

1.000 

184.4 

1.000 

• 686 

ioi.6 : 

2.00 

30*00 

2339 

1241.4 

, 24.332 

1.22/0 

.4370 

787 

.000' 2 

1.098 

185. 1 

1.008 

. 745 

110*4 

4.00 

15.00 

2054 

1118.2 

: 24.532 

1.2340 

.4272 

723 

• ooo: 0 

1.601 

199.2 

1.292 

1.0 22 

151.3 1 

4.08 

14.70 

2046 

1114.6 

1 24.532 

1.2342 

.4269 

721 

• 000. 8 

1.615 

199.7 

1.305 

1.020 

152.3 

10.00 

6.00 

1721 : 

978.3 

24.532 

1.2448 

.4119 

64 1 

.000 3 

2.155 

219.7 

2.187 

1.264 

107.3 

20.00 

3.00 

1499 ; 

688.0 

24.532 

1.2540 

.3999 

581 

.000. 9 

2.546 

232.7 

3.443 

1.399 

207.2 ! 

40.00 

1.50 

1300 

809.6 

24.532 

1.2646 

.3672 

523 

• 000. 6 

2.931 

243.6 

5.545 

1.506 

223.1 ! 

100.00 

.60 

1068 

721.9 

24.532 

1.2800 

.3703 

45Q 

• 000. 1 

3.451 

255.3 

10*611 

1.617 

239.5 

200.00 

j .30 

91b 

666.3 

24.532 

1.2924 

.3360 

390 

• 000 0 

3.063 

262.4 

17.467 

1.604 

249.4 

400.00 

.15 

761 1 

blB.8 

24.332 

1.30=6 

.3400 

349 

.000 6 

4.29o 

268.3 

28.839 

1.739 

257.6 

1000.00 

.06 

627 

566.7 

24.332 

1.3250 

. 3 3 A 8 

209 

• 000 3 

4.924 

274.5 

56.029 

1. 798 

266.3 

2000.00 

! *03 

526 

534.3 

24.332 

1.3353 

.3224 

249 

*000 1 

6.446 

2 78.3 

92.556 

1.033 

i/1.5 

4000.00 

.02 

443 

507.2 

24.532 

1.3473 

• 3W2 [ 212 

• 000( 9 

6.016 

201.5 

152.735 

1.068 

i 75 » 8 
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FOR 

LIQUID HYDROGEN WITH LIQUID OXYGEN 

[Equivalence ratio, R; oxidant-fuel ratio, O/F.J 

(e) Concluded. Combustion-chamber pressure, 60 pounds per square inch absolute; 
frozen composition during isentropic expansion 


Pressure 

rotio, 

P c /P 

Static 

pressure, 

P, 

fc/tqio. 

a*» 

Temp- 

erature 

T, 

°K 

Enthalpy, 

h, 

coi/g 

Molecular 

weight. 

Isentropic 

exponent, 

y 

Specific 

heat, 

C P. 

Vi scot 

it* 

micro 

poises 

Thermal 

conductivity 

k. 

Mach 

number 

M 

Specific 
impulse 
in vacuum 

Areo 

ratio, 

e 

Thrust 

coefficient 

c, 

Specific 

impulse, 

l 





= 4*000. PERCENT fuel 

« 3.054, O/F 

*31 .746 




1.00 

60.00 

2347 

1054.4 

26.257 

1.2321 

0*4017 

798 

0*00040 

0*000 



0.000 

! O.o 

1.03 

37.14 

.2326 

1043.8 

26.257 

1.2326 

.4010 

794 

•00039 

.282 

306.9 

2.186 

.209 

27.4 

1.20 

5>0 • 00 

2266 

1022.6 

26.257 

1 .2339 

.3992 

781 

•00039 

.548 

194.5 

1.269 

.392 

52.6 

1.40 

42.66 

22.02 

996.5 

26.257 

1.2355 

.3971 

766 

.00038 

.750 

173.1 

1.066 

♦ 529 

71.0 

1.60 

37.30 

2147 

974.5 

2b. 257 

1.2368 

.3953 

754 

•00037 

• 692 

166.2 

1.0U 

.621 

83.4 

1.80 

33.42 

2100 

936.0 

26.257 

1.2380 

.3937 

743 

•00036 

1.000 

167.3 

uooo 

.690 

92.5 

2.00 

30.00 

2037 

939.0 

26.257 

1.2391 

.39 22 

733 

*00036 

1.094 

167.8 

1.006 

.747 

100.2 

4.00 

13.00 

1796 

638.1 

<ib.2 37 

1.2469 

. 3o22 

669 

•00032 

1.598 

160.3 

1.205 

1.023 

137.2 

4.08 

14.70 

1 70y 

633.3 

26.23/ 

1.24/1 

.3819 

667 

•00032 

1.611 

160*7 

1.298 

1.029 

138.1 

10.00 

6.00 

1493 

724.3 

26.257 

1.2 5o3 

• 3683 

588 

.00027 

2.155 

196,5 

2. 162 

1.263 

169.5 

20.00 

3.00 

1292 

651.4 

26.257 

1.2 o84 

.3577 

530 

•00024 

2.549 

210*0 

3.387 

1.396 

187.3 

40-00 

1.30 

1113 

38B.3 

26.257 

1.2793 

.3467 

475 

•00021 

2.941 

219.6 

5.428 

1.501 

201.4 ! 

100.00 

.60 

908 

516.5 

26.257 

1.2950 

.3323 

406 

•00017 

3.471 

229.8 

10*316 

1.610 

215.9 

200.00 

.30 

773 

474.5 

26.257 

1.3079 

.3215 

357 

•00015 

3.893 

236.0 

16.892 

1.674 

224.6 

400.00 

.13 

635 

437,1 

26.257 

1.3212 

.3113 

312 

.00013 

4.342 

241.1 

27.741 

1.726 

231. B 

1000*00 

.06 

322 

396.4 

26.257 

1.3386 

.2992 

258 

•oooio 

4.99o 

246.5 

53.515 

1.784 

239.3 

2000.00 

• 03 

437 

371.3 

26.257 

1.351o 

.2913 

221 

•00009 

5.531 

249.7 

87.939 

1.817 

243. 8 

4000.00 

.02 

364 

350.4 

26.257 

1.3601 

.2839 

187 

•00007 

6.129 

252.3 

144.427 

1.845 

247. 5 





* 5.000. PERCENT FUEL 

* 2.458, 0/F 

*39.683 




1.00 

60*00 

2 062 

855.0 

27.299 

1.2440 

0*3711 

740 

0*00034 

0*000 



0*000 

o 

O 

1.03 

37.14 

2042 

847.7 

27.299 

1.2445 

.3705 

735 

*00034 

.281 

282.0 

2.195 

.205 

25.2 

1.20 

30.00 

1989 

828.1 

27.299 

1.2439 

. 3688 

722 

•00033 

.546 

178.6 

1.272 

.394 

48.4 

1.40 

42.86 

1929 

806.1 

27.299 

1,2476 

. 3663 

?08 

.00032 

.747 

158.9 

1.068 

. 531 

65.2 

1.60 

37.30 

1879 

787.6 

27.299 

1.2491 

.3650 

696 

•00032 

.688 

154.3 

1.012 

.623 

76.6 

1.80 

33.20 

183 5 

771.5 

27.299 

1,2505 

.3634 

684 

•00031 

1.000 

153,4 

1.000 

.694 

85.2 

2.00 

30.00 

1797 

757.8 

27.299 

1.2517 

. 3620 

675 

•00031 

1.09o 

153.6 

1.007 

. 748 

92.0 

4.00 

13-00 

1560 

673.2 

27.299 

1.2600 

.3528 

612 

•00027 

1.594 

165.1 

1.279 

1.024 

125.8 

4.08 

14.70 

1334 

670.9 

27.299 

1.2603 

. 3525 

610 

•00027 

1.607 

165.4 

1.292 

1 • 0 30 

126.6 

10.00 

6.00 

1287 

578.5 

27.299 

1.2 7c3 

.3399 

534 

•00023 

2.154 

181.4 

2.138 

1.262 

155.1 

20.00 

3.00 

1107 

518.2 

27.299 

1.2830 

.3 300 

479 

*00020 

2.553 

191.7 

3.333 

1.393 

171.2 

40.00 

1.30 

948 

466.4 

27.299 

1.294J 

.3201 

427 

•00018 

2.950 

2 00*2 

5.313 

1.496 

183. 9 

100.00 

.60 

766 

409.5 

27.299 

1.3111 

.3068 

363 

•00014 

3.491 

209.2 

10*027 

1. 602 

196.9 

200.00 

.30 

646 

373.8 

27.299 

1.3244 

.2972 

317 

•00012 

3.924 

214,6 

16.328 

1.665 

204.6 

400.00 

. 13 

545 

343.8 

27.299 

1.3380 

• 2881 

276 

•oooio 

4.387 

219.1 

26.662 

1.716 

210-9 

1000.00 

.06 

431 

311.4 

27.299 

1.3330 

.2779 

226 

•00008 

5.058 

223.8 

51.055 

1.770 

217.5 

2000.00 

.03 

359 

291.5 

27.299 

1.3642 

.2726 

192 

•00007 

5.625 

226*6 

83.464 

1.802 

221.4 

4000.00 

.02 : 

298 

275.0 

27.299 

1 . 3 7q4 

.2693 

162 

•00006 

6.250 

228.8 

136.601 

1. B28 

224.7 


















r i 









































48 


TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FOR 


LIQUID HYDROGEN WITH LIQUID 0 (YGEN 


[Equivalence ratio, R; oxidant-fuel ratio, O/F.j 


(f) Combustion-chamber pressure, 150 pounds per square inch absolute; 
frozen composition during isentropic expansion 


Pressure 

Static 

pressure. 

Temp- 

Enthalpy, 

Molecular 

ratio, 

p. 

T, 

K 

h. 

weight. 

P e /p 

. J 


coi/g 

TO 





tsen tropic S P*^J ic 
; exportent, j 


Viscos- 

ity, 

M, 


Y 


micro 

poises 


Thermal 

conductivity, 

k. 

tol/lwcH^KHcme 


Mach 

number 

M 


i Specific 
j impulse 
■ in vacuum,; 

' <lbM»c ,/lb 


Area 

ratio, 


E 


Thrust | 
'coefficient J 
C f 1 

i 


Specific 

impulse, 

I. 

folltact/ (b 


R = 0.150* PERCENT FUEL * 45,65. 0/F 1 1*190 


1.00 

150*00 

1163 

5313.5 

*.416 

1.3396 

1.7753 

314 

0*00073 

0.000 



0.000 

o«o ; 

1.05 

142.66 

1 1 b 6 

5267.7 

4.416 

1.3406 

1.7710 

311 

•00073 

.271 

330.1 

2.250 

• 210 

47.4 

1.20 

126.00 

1129 

3210,6 

4.416 

1.3436 

1.7597 

303 

•00070 

.527 

334.2 

1.297 

• 4o3 

90*8 

1.40 

107.14 

1065 

5141,6 

4.416 

1 • 34b9 

1.7472 

*93 

.00066 

.722 

296.1 

1.081 

. 543 

122.2 

1.60 

*3.76 

10*9 

5077.7 

4.416 

1.3497 

1.7369 

285 

.00066 

.860 

286.6 

1.018 

. 636 

143.2 

1.87 

60*42 

1006 

5006.6 

4. 4 1 0 

1.3528 

1.7257 

276 

•00063 

1.000 

284.1 

1.000 

. 725 

163.4 

2.00 

76.00 

969 

4975.4 

4.416 

1.3540 

1.7210 

*7* 

• 000<>2 

1.059 

284.4 

1.003 

. 761 

171.5 

4.00 

37.50 

624 

4693.4 

4.41b 

1.3651 

1.6825 

234 

•00052 

1.566 

301.7 

1.233 

1.031 

232.3 

10.00 

16.00 

64 3 

4392.5 

4.416 

1.3748 

1.6505 

188 

.00042 

2.152 

327,5 

1.974 

1.257 

283.1 

10.21 

14.70 

639 

4366.6 

4.41b 

1.3750 

1.6501 

18 7 

.00041 

2.165 

32b. 1 

1 .997 

1.261 

284.0 

20.00 

7.50 

532 

4209.6 

4.41b 

1,3799 

1.6344 

159 

•00035 

2.586 

343,5 

2.982 

1.376 

309.9 

40.00 

3.75 

439 

4056.9 

4,416 

1,3824 

1.6260 

133 

•00029 

3.031 

356.4 

4.620 

1.467 

330*4 

100*00 

1.50 

340 

3899.0 

4.416 

1 .3802 

1.6093 

io* 

•00023 

3.648 

369.8 

8.432 

1.558 

350.8 

200.00 

.75 

200 

3602.6 

4.416 

1.3926 

1.5961 

85 

•00018 

4.149 

377,7 

13.431 

1.610 

362.6 

400* 00 

.3t> 

230 

3723.2 

4.416 

1.4068 

1.5562 

70 

•00015 

4,675 

384. 1 

2i .488 

1.652 

372*0 

1000.00 

• i5 

175 

5640.1 

4 . 4 1 O 

i .4349 

1.4847 

55 

.00011 

5.438 

390.6 

39.928 

1.694 

381.6 

2000*00 

.00 

142 

3590*9 

4.416 

1.4550 

1.4389 

45 

•00009 

6.096 

394.3 

63.572 

1.719 

387.2 

4000.00 

• 04 

114 

3551.2 

4.416 

1.4/05 

1 • 4Qb5 

36 

•00007 

6.845 

397.3 

100*938 

1. 739 

391 .6 




R 

* 0.200 

, PERCENT FUEL 

* 38.65. O/F 

1.587 




1.00 

150.00 

1514 

2969.7 

5.216 1.3079 

1.6183 

402 

0*00084 

0*000 



0.000 

0*0 

1.05 

142.66 

1497 

2941.7 

5.216 

1.3090 

1.6140 

399 

.00083 

.274 

552.2 

2.233 

.209 

49.3 

1.20 

125.00 

1450 

2660.0 

5.2lo 

1.3120 

1.6022 

389 

•00081 

.533 

348.6 

1.289 

.400 

94.6 

1.40 

107.14 

1396 

2 783.2 

5.216 

1.3155 

1.5887 

378 

.00078 

.730 

3Q9.3 

1.077 

.539 

127.4 

1.60 

93.75 

1354 

2713,2 

5.216 

1.3185 

1.5772 

369 

.00076 

.869 

299.6 

1 . Q 1 6 

.632 

149.4 

U»5 

al.23 

1307 

2640*3 

5.21b 

1 . 3217 

1.5651 

359 

*00073 

1.000 

297.3 

1.000 

.716 

169.2 

2.00 

75.00 

1262 

2601.1 

5. 2 16 

1 • 323b 

1.5584 

3f 3 

•00072 

1 .068 

297,8 

1.00* 

.757 

179.1 

4.00 

37.50 

1 0 79 

2290*C 

5. 2 16 

1.3391 

i • 5 046 

307 

.00081 

1.572 

316.7 

1.244 

1.0<!9 

243.2 

O 

o 

O 

15.00 

652 

1954.3 

5. 2 lb 

1 ■ 3556 

1.491b 

251 

.000*8 

2 . 14a 

344 . 7 

2.009 

1.257 

297.2 

10*2 1 

14.70 

647 

1947.7 

5.216 

1.3 562 

1.4306 

250 

•000*8 

2.161 

343 • 3 

2.03 3 

1.261 

298.2 

20.00 

7.50 

709 

1746.6 

5.216 

1.3056 

1 .4232 

213 

•000*0 

2.373 

362.0 

3*0*9 

1.379 

325.9 

40.00 

3.73 

566 

l5?e.o 

5.216 

1.3715 

1.4Q66 

1 79 

•00034 

3.010 

376.0 

4. 739 

1.472 

348 . 0 

100.00 

1.50 

456 

1396.3 

3.216 

1.3771 

1.3913 

142 

•00026 

3.619 

390.5 

8.679 

1.566 

370*0 

200.00 

.75 

379 

1206.2 

5.21b 

1 .3611 

1 . 3807 

117 

•00022 

4.111 

399.1 

13.870 

1.619 

382.7 

400.00 

.36 

312 

1195.2 

5.21b 

1 ■ 3861 

1.367/ 

96 

•00018 

4.638 

406.1 

22.295 

1 .662 

392,9 

1000.00 

.15 

242 

1099.0 

5.216 

1.3973 

1.3400 

74 

•00013 

5.394 

413.4 

41.979 

1.706 

403.5 

2000.00 

.06 

196 

10*1*1 

5.21b 

1.4156 

1.2977 

61 

•00011 

6.014 

417.6 

67.687 

1.733 

409.6 

4000.00 

*04 

161 

993.9 

5.216 

1.435Q 

1.2568 

50 

•00009 

6. 7Q4 

421.1 

108.754 

1.7 54 

414.6 




« 

=» 0.250 

» PERCENT FUEL 

= 33.51* O/F 

1 .934 




1.00 

150*00 

1616 

' 1249.3 

6*016 

1.2835 

1.4955 

4 8 1 

0.00092 

0*000 



0*000 

s o.ci 

1.06 

142.66 

| 1797 

I 1220.2 

6.016 

i .2844 

1.4917 

477 

•00091 

.2 76 

363.4 

2.219 

.20/ 50.3 

1.20 

125.00 

: i 744 

{ 11*2.1 

6 .0 1 6 

1 • 2 o 7 0 

1 . 40 1 2 

467 

•00089 

.336 

356.1 

1.283 

. 398 

96.6 

1.4Q 

1 U / . i 4 

; 1665 

; 1054.6 

6.01b 

1.2900 

1.4693 

45b 

•00066 

.736 

3 16 ■ 3 

1.073 ■ 

.536 

A 3 0 » 1 

1.60 

93.75 

: 1635 

961.5 

6*016 

1.2927 

1.4590 

*+46 

•00083 

.876 

306.6 

1.015 

.629 

152.6 

1.63 

ol • 95 

1566 

9 1 0.Q 

6.016 

1.2954 

1.4485 

436 

•0008 1 

1.000 

304 « 5 

1.000 

.708 

171. & 

2.00 

75.00 

i 5 54 

864.0 

6.016 

1.2973 

1.4415 

429 

•00060 

1.076 

305.1 

1.003 

. 754 

183.1 

4.00 

37,50 : 

1322 

535.3 

6.016 

1 .3125 

1 « 3o 73 

378 

•00068 

1,578 

323.5 

1.256 

i .02:7 

249.3 

10.00 

15.00 

1057 

176.5 

6.016 

1 • 3330 

1.3225 

314 

•00054 

2.147 

355.3 

! 2.048 

1.258 

305.5 

10.21 

1 14.70 

1052 

169.3 

6*018 

1.3 3 34 

1.3212 

312 

•00054 

2.159 

355.8 

2.072 

1.263 

306*5 

20*00 

7.50 

667 

9954.4 

6*016 

1. 3wOi 

1.2640 

269 

•00046 

2.563 

373.6 

3.127 

1.38* 

333. 1 

40.00 

3.75 

740 

*766.6 

b, 0 1 6 

1 ,3509 

1.2559 

226 

•00038 

i. • 90 J 

388.6 

4.883 

1.478 

35o.9 

100*00 

1.50 

500 

*56*. 7 

6 • 0 1 6 

1. 3603 

1 .2 320 

181 

•00030 

3.38 1 

4Q4. 1 

8.985 

1.575 

382.3 

200.00 

.75 

461 

94i*e.5 

6.016 

1.3/17 

1.2191 

i 5 i 

•000*5 

4,064 

413.3 

14.395 

1. 6 JO 

39 5.9 

400*00 

.36 

! 399 

9340.0 

6*015 

1.3755 

1.2100 

124 

•00020 

4.882 

420.8 

23.2Q6 

1.675 

406.7 

1000*00 

.15 

310 

9241.3 

6.016 

1.3821 

1.1946 

95 

•00015 

5.327 

428.7 

43.889 

1. 722 

416. C 

2000.00 

.06 

25b 

9176.7 

6.016 

1.3885 

1.1805 

78 

•00012 

5.945 

433.3 

71.271 

1,749 

424.7 

4000.00 

.04 

210 

9123*6 

6.016 

1.4039 

1.1482 

64 

•oooio 

6.606 

437.1 

113.634 

1.771 

430.1 




R 

= 0*300 

, PERCENT FUEL 

= 29.57, U/F 

2.381 




1.00 

150-00 

2092 

9932.7 

6.813 

1 .2648 

1.3932 

550 

0-00097 

0*000 



0*000 

0*0 

1.06 

142.66 

2071 

| 9903.1 

6.813 

1.2655 

1.3901 

546 

•00096 

• 2 78 

568.3 

2.208 

. 2q6 

50*3 

1.20 

125.00 

2013 

I 9623.6 

6 . 0 1 3 

1.26/6 

1.3814 

536 

•00094 

.542 

359.6 

1.278 

.396 

97.5 

1.40 

1U7.14 

1949 

i *754.3 

b.ol5 

1.2702 

1.3711 

524 

•00091 

. 741 

319 .6 

1.071 

.533 

131.3 

1.60 

93.75 

idv4 

965*. 7 

b.ol 5 

1.2 725 

1.3619 

514 

•00089 

. 08 L 

31C.Q 

1.013 

.626 

154. 1 

1 • d2 

02. 52 

104 5 

; 9590-2 

6.013 

1.2/40 

1 .3530 

30** 

• 0008 7 

wooo 

300 . i 

i.aco 

. 70 1 

172.6 

2.00 

75.00 

1005 

9539,4 

6.013 

1.2 7b5 

1 .34b3 

4*7 

•00085 

i . Gttc 

808.8 

1.006 

. 752 

165.0 

4.00 

3 7.50 

154* 

9200.9 

6.013 

1.2899 

1.29 76 

444 

• 000 74 

1.388 

J30»* 

1.266 

1.025 

252.4 

10.00 

15.00 

1254 

0027.4 

b.ol 5 

1.3099 

1.2329 

374 

•00060 

2 , 1 4 a 

361.4 

2 . 0 8 4 

1. 26Q 

310.1 

10.21 

14.70 

1240 

0619.9 

b . ol 3 

1 .3103 

1.2315 

373 

.00060 

* . IbC 

362 . 1 

2.11Q 

1.264 

311.2 

20.00 

7.50 

1061 

0593.6 

6.813 

1 .3252 

1 .1885 

324 

.00050 

2.555 

3b0»8 

3 . 2 04 

1.386 

341.3 

40.00 

3.75 

093 

0396.6 

; 6.813 

1.338 7 

1 . L52 7 

2 / 8 

.00042 

2.969 

396.6 

5.C34 

1.465 

365.6 

100.00 

1.50 

: 705 

0184,1 

! 6.813 

1.3533 

1.1172 

223 

•00033 

3.345 

4 13,0 

9.3X8 

1.384 

3yo» i 

200.00 

.75 

5oo 

0053.0 

6.813 

1. 3b06 

l . 1005 

186 

•000*7 

4,014 

422 .8 

14.981 

1 • 64 i 

404.3 

400.00 

• 36 

400 

/* 45.3 

6 * 8 1 3 

1 ■ 3 60 6 

i .0860 

135 

•000*3 

4 .:> la 

4 J Q • 8 

24. i 1 i 

1.689 

4l3. 9 

! 1000.00 

.15 

j 30 1 

/o2 * *o 

b.ol 3 

1 .3 72b 

1.0 7 43 

WO 

• OOd 7 

5.24* 

4 J* , i 

43.957 

1. 73b 

4^7.8 

2000.00 

| .06 

! 3 1 6 

773*. 4 

o.o 1 i 

1.3 7/6 

1.0640 

97 

*00014 

5.854 

444 , l 

74.839 

1. 7o6 

434.9 

, 4000.00 

• U 4 

2 D 1 

7701.5 

0.0 lo 

1 .3031 

i.O^-JO 

o0 

•oooii 

6 • 5 1C 

440 .C 

i 2c . Q36 

i. /9C 

44Q.6 
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ABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNEDP PRESSURE RATIOS FROM 1 TO 4000 FOR 

LIQUID HYDROGEN WITH LIQUID OXYGEN 

(Equivalence ratio, R; oxidant-fuel ratio, O/F. ] 

(f) Continued. Combustion-chamber pressure, 150 pounds per square inch absolute; 
frozen composition during isentropic expansion 


Pressure 

ratio, 

P c /P 

Static 

pressure, 

P, 

tb/vqin 

afcn 

T, 

K 

Enthalpy, 

h, 

cal/o 

Molecular 

weight, 

TJl 

Isentropic 

exponent, 

7 

Specific 

heat, 

C P. 

tal/ |g'i;"K 1 ' 

Viscos- 

'*y, 

A, 

micro 

poises 

Thermal 

conductivity, 

/ ^ 

Mach 

number 

M 

Specific 
impulse 
in vacuum, 
J *oc 

|lb:iMci/lb 

Area 

ratio, 

C 

Thrust 

coefficient, 

<Q 

Specific 

impulse. 

1 

lb!(i« l/ 1 Ib 





= 0.350 

, PERCENT FUt L 

= 26.47, O/F 

= 2*778 




1.00 

160-00 

2 3 6 V 

6B92.6 

7.604 

1.2505 

1.3047 

610 

0*00099 

0*000 


n 

0*000 

0*0 

1 .03 

142.6b 

231b 

6064.1 

7.604 

1.2511 

1.3020 

606 

•00099 

.280 

369.0 

2.199 

.205 

50*B 

1.20 

126*00 

2264 

6/04.4 

7.604 

1*2529 

1*2946 

596 

•00097 

.344 

360.3 

1.274 

.394 

97.6 

l.<*0 

107.14 

2 106 

6694 , V 

7.604 

1.25b! 

1.283V 

384 

•00094 

. 745 

320.4 

1.069 

.532 

131.5 

1.60 

*3.76 

2 1 2 b 

6616.7 

7 ,o04 

1*2570 

1.2764 

3/4 

.00092 

,6 86 

311.0 

1.012 

.624 

154.4 

1. til 

62 . V7 

2074 

6561.7 

7.604 

1.2567 

1.2713 

564 

•ooovo 

1*000 

309.2 

1.000 

.696 

172.3 

2.00 

76.00 

2041 

64 V 7 . 3 

7.604 

1.2602 

1 • 2o3b 

336 

•00009 

1.087 

310.0 

1.007 

. 749 

105.5 

4.00 

i 7 . 5 0 

176b 

6154. V 

7.604 

1.2/20 

1.2223 

302 

•000/8 

1.390 

332.2 

1.274 

1.024 

253.4 

10.00 

16.00 

144b 

7/73.7 

7.604 

1 .26V9 

1.162/ 

431 

.0008** 

2.150 

364.4 

2.115 

1.261 

312.1 

10.21 

14.70 

1430 

7 766.0 

7.604 

1.2904 

1.1614 

429 

• 000b** 

2 .162 

365.0 

2. 142 

1.265 

313.1 

20.00 

7.30 

1226 

7632,9 

7.604 

1.30=0 

1.1 162 

377 

.00055 

2.351 

384.5 

3.274 

1.390 

3 44.0 

4 0.00 

J. 76 

103V 

7326.2 

7.604 

1 . 3202 

1.0/74 

32b 

.00046 

2.955 

401.0 

5.175 

1.491 

369.0 

100.00 

1.60 

626 

/ 1 0 5 , 3 

7.604 

1.3377 

1.0353 

264 

.00036 

3.614 

418.2 

9.648 

1.594 

394.4 

200.00 

. 76 

6V4 

6V66. 0 

7.604 

1.3465 

1.0H2 

223 

•00030 

3.969 

428,5 

15.575 

1.654 

4 09.2 

400. 00 

. 46 

57V 

6653.0 

7.604 

1.3563 

.9948 

1 b 6 

•00025 

4.459 

436.9 

25.259 

1.703 

421.3 

1000.00 

.16 

434 

b 729. V 

7.604 

1.3642 

.9 /Vo 

146 

*00019 

5.169 

445.7 

48.098 

1.753 

433.8 

2000. 00 

.Oo 

3 t r 

0034.0 

7.604 

1.-5092 

. 96 V 3 

119 

.0001= 

5.760 

451.0 

78.522 

1.763 

441.3 

4000.00 

.04 

J 12 

b 5 y 2 « 5 

7.604 

1.3 742 

.9596 

97 

*00012 

6.4Q3 

453.3 

128.377 

1.8Q0 

447.4 




R 

= 0*400 

, PERCENT FUEL 

* 23.95, O/F 

» 3.175 




1.00 

160*00 

2654 

6050*5 

6.379 

1.2395 

1.2276 

660 

0*00101 

0*000 



0*000 

0*0 

1.05 

142.6b 

232 V 

0021.1 

6.379 

1 .2400 

1.2234 

656 

•ooioo 

.281 

566.4 

2.192 

• 2o 5 

50*6 

1.^0 

126.00 

^4b4 

7 V4 2 . 1 

5.379 

1.2415 

i.2iV2 

646 

.00096 

.547 

336 .9 

1.2 71 

.393 

97.1 

1 . 40 

107.14 

23V 1 

7e 6 3« 3 

5.379 

1.2433 

1.21 ib 

634 

.0009* 

.748 

319.3 

1.067 

.530 

131.0 

1.60 

Vi. 76 

232v 

7 776. b 

6.37V 

1.2450 

1.2052 

624 

•00094 

.889 

310.1 

1.012 

.623 

153.8 

1.60 

63.31 

2 2 7b 

7714,2 

0. 379 

1.2 465 

1 .1992 

615 

.00092 

1.000 

308.3 

1.000 

.692 

171.1 

2.00 

76.00 

2229 

7666.0 

6.379 

1.24/9 

1.1936 

60/ 

•00090 

1.091 

309.2 

1*007 

.748 

104.8 

4.00 

37.60 

1936 

7316.0 

6.379 

1.25/6 

1.1370 

553 

.00080 

1.594 

331.9 

1.20Q 

1.023 

252.0 

| 

10.00 

16.00 

1399 

6932.6 

6.379 

1.2738 

1.1033 

460 

.0006/ 

2.152 

364,8 

2.141 

1.262 

311.9 

10.2 1 

14. tO 

1692 

6924.9 

8.379 

1.2742 

1.1021 

479 

.00067 

2.163 

365.4 

2.168 

1.267 

313.0 

20-00 

7.30 

13/3 

6606 . 7 

5.3/9 

1.26 79 

1.0509 

423 

.00068 

2 .346 

383.4 

3.332 

1.393 

344.2 

40.00 

3.76 

1173 

6479.7 

6. J 7 V 

1.3030 

1-0200 

371 

.00049 

2.944 

402 ,4 

5.298 

1.496 

369.7 

100*00 

1.60 

943 

6250*6 

6.379 

1.3224 

.9726 

30** 

*00039 

3.490 

420*3 

9.946 

1.602 

395.7 

200.00 

.73 

7 V4 

Oi06*2 

6.379 

1.3331 

.9446 

256 

•00032 

3 * V 3 1 

431,0 

16. 131 

1.664 

411.1 

400.00 

.36 

060 

6966.4 

6.379 

1.343 5 

.9235 

2 17 

.00026 

4.406 

439.8 

26.255 

1.714 

423.6 

1000.00 

.16 

525 

5659.6 

6.379 

1.35o2 

.9029 

170 

•00020 

3.095 

449.0 

50* 1«9 

1.767 

436.6 

2000.00 

.06 

437 

5760.6 

6.379 

1.3517 

• 6926 

141 

•00017 

3.672 

454.5 

82.113 

j 1.799 

444.4 

4000.00 

>04 

363 

5715.2 

6.3 79 

1 » 3 o 7 0 

.6833 

115 

•00014 

6.299 

459.1 

134.543 

| 1.824 

450. B 




R 

= 0.450 

, PERCENT FUEL 

* 21.87, O/F 

» 3.571 




1.00 

1 160.00 

2733 

7354,5 

9.133 

1.2310 

1.1595 

7oi 

0*00100 

0*000 



0*000 

0*0 

j 1.03 

142.6b 

2706 

7325,6 

9.133 

1.2315 

1.1376 

696 

•ooioo 

.262 

361.3 

2.187 

• 2o* 

50*1 

l.iO 

123.00 

2640 

7247,9 

9.133 

1.2326 

1.1521 

666 

.00)98 

.349 

355.9 

1.269 

.392 

96.3 

! 1.40 

107.14 ; 

2564 

7160,6 

v. 133 

1 .2344 

1 . 1459 

676 

.00096 

.750 

316.8 

1.066 

.529 

129.9 

1 1.60 

S3. 75 

25 00 

: 7067,1 

9.133 

1 .2336 

1 . 1404 

666 

•00094 

.8 92 

307.7 

1.0U 

.621 

152.5 

1.7V 

6 3.56 

244b 

* 7025,3 

9.133 

1.23/1 

1 .1335 

637 

*00092 

1*000 

306.0 

1.000 

.689 

169.2 

2.00 

73.00 

2395 

i 6966.2 

9.133 

1.2363 

1.1307 

6< V 

*00091 

1.094 

307.0 

1.008 

. 747 : 

i 183.3 

4.00 

37.60 

2 0*2 

| 6630,2 

9.133 

1.2471 

1.0962 

393 

*O00«2 

1.597 

329.9 

1.285 

1.023 

251.0 

10.00 

16.00 

1736 

i 6249*2 

9.133 

1.2614 

1.0500 

522 

.00069 

2.153 

363.2 

2.161 

1.263 

310.1 

10.21 

14,70 

i 1 / 30 

. 6241,5 

9.133 

1.2617 

1*0489 

521 

.00069 

2.165 

363.6 

2.189 

1.268 

311.2 

20.00 

7.50 

1501 

6005.3 

9.133 

1.2 741 

i .0U4 

46/ 

•00060 

2.546 

384,1 

3.379 

1.396 

342.6 

40.00 

3.76 

1269 

5795.1 

9.133 

1.2604 

.9720 

411 

.00051 

2.937 

401.5 

5.399 

1.500 

368.4 i 

100.00 

i 1.50 

1046 

6563.1 

! 9.133 

1. 30*4 

• 9231 

341 

.000*1 

3*471 

419.9 

10.202 

1.60« 

394.0 | 

200.00 

| .76 

665 

5417,9 

9.133 

1.3224 

• 6924 

291 

•00034 

3 . 9 0 1 

430.9 

16.618 

1.672 

410.5 : 

400.00 

.36 

745 

5293.2 

9.133 

1*3349 

.667 3 

246 

>0002o 

4.362 

440*0 

27.151 

1.724 

423.3 ! 

looo. do 

*16 

3 VO 

, 3162.6 

9.133 

1,34/3 

• 8436 

194 

.00022 

3.033 

449.3 

52.106 

1.779 

436.7 

2000*00 

* Oo 

4 V 3 

5061.2 

j 9.135 

1.3333 

.6300 

ib2 

•00016 

3.593 

455.2 

05.445 

1.012 

444.0 

j 4000.00 

.04 

410 

5013.2 

j 9,133 

1.3006 

.6207 

i 32 

•0001* 

6.2Q7 

460*0 

1 140,269 

1,830 

451.4 

1 



K 

= 0.500 

, PERCENT FULL 

= 20*12, O/F 

» 3»y68 




1*00 

160*00 

2661 

6769.6 

9.659 i 1.2244 

1.0999 

736 

0*00099 

0.000 



0*000 

0*0 

1.06 

i 142.00 

2636 

6741 .4 

9.659 

1.^240 

1.0981 

7 32 

.00099 

.263 

554.9 

2 .103 

.20* 

49.5 

1.20 

| 126.00 

2 766 

6665,5 

9.659 

1.22b0 

1.0932 

722 

.00097 

.350 

351.8 

1.267 

.392 

95.2 

1.40 

1 0 /• 14 

2 70 / 

b5B0 ■ 2 

V. 659 

1.22/3 

1.06 73 

710 

.00095 

.752 

313.3 

1.055 

.528 

128.4 

1.60 

V3. 73 

264i 

1 6506.2 

9. 659 

1.2266 

1 . 06 24 

700 

.00093 

.894 

304.4 

1.011 

• 620 

150*0 

1. 7v 

66.7V 

26ob 

• 644V. 1 

v.e59 

1.22V9 

1 . 0 / a 3 

692 

•00092 

1.000 

302.8 

1.000 

.607 

167*0 

2.00 

i 76.00 

2633 

03V 1.9 

V • 6 5 9 

1.2310 

i • 0 /*♦! 

O0.S 

•00091 

1.096 

3Q3.8 

1.000 

. 746 

181.3 

4.00 

4/. 30 

2220 

6060*2 

V . 6 59 

1.230V 

i .0^52 

630 

.00082 

1.600 

326.8 

1.289 

1.022 

, 248.5 

lO. 00 

1 15.00 

1.634 

5664.6 

V.659 

1.2317 

1.0024 

390 

•00070 

2.134 

36Q.2 

2.177 

1.264 

! 307.2 

i o. 2 1 

14, 70 

164b 

3677.1 

v.o5v 

1 .2520 

1 . 0014 

536 

•00070 

2.166 I 360.6 

2.205 

1.26b 

j 308-3 | 

2 0 . 00 

7.30 

ibOV 

544 3 . 2 

v.659 

1.203 3 

.9670 

502 

.00061 

2 • 343 

38 1*3 

3.416 

1 . 398 

; 339.7 ! 

; 4o.oo 

3.7 3 

1360 

3234 , i 

9.659 

1,2/06 

.9297 

445 

•00053 

2. 932 

396.8 

5 .461 

1.504 

365.5 

! ioo.oo 

1.50 

1132 

5001*9 

v. aby 

1,2904 

.861 / 

572 

•000*2 

3.457 

417.5 

10.*13 

1.613 

392.2 1 

200*00 

. 75 

964 

4655,6 

V. 65 V 

1.31,2 

,8493 

1 320 

*00035 

3.878 

428.8 

17.030 

1.679 

408.1 J 

400.00 


6 15 

4/31.6 

9.659 

1 .3247 

, a 2 2 3 

272 

*000^9 

4.328 

436.1 

27.924 

1.732 

421.1 

iOOO* 00 

.15 

j b 4 0 

4597.2 

y. 65 v 

1 .33V5 

.7953 

216 

*00023 

4.982 

447 .9 

53.794 

1.789 

434.8 

. 2000*00 

• 0 o 

| 543 

4514.2 

9.65 V 

1.3463 

,7/99 

180 

*00019 

5.329 

453.6 

80.422 

1.822 

*43-o 

' 4000.00 

•04 

433 

4444,5 

9.65 V 

1.3534 

. 7667 

14V 

•00015 

6.126 

450.6 

145.411 

1.850 

449.8 
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FOR 

LIQUID HYDROGEN WITH LIQUID OX 'GEN 

[Equivalence ratio, R; oxidant-fuel r-atio, O/F.J 

(f) Continued. Combustion-chamber pressure, 150 poun< s per square inch absolute; 
frozen composition during isentropic expansion 


rressure pressure, 
ratio, J p 

p c /p *./«;.» 


Enthalpy, Molecular Isentropic K i 

h, weight, exponent, , 

to*/# <B l -v V { mi 

7 cd/lgie*)* __ 

lP° 

R • 0 ■ 600 » PERCENT FUEL = 

38< »1.6 il.228 1*2132 o * 9 ^ ^ ^ I 

iois.o 11. 220 1.2 l3i» .9981' 

57-1.3.3 11.22b 1.2 i bo .9942 

2662. b 11.22b 1.217b • 9b 96 

5694.5 11.228 1.2169 .9853 

5540.1 11.22b 1.2199' .9819 

5484.2 11.228 1.2209 .9782 

5169.0 11.228 1.22 /5 .9660 

480 9 • 9 11.228 1.2303 .919/ | i 

4802.6 11.228 1.2 3ot> .9189 | < 

4577.3 11.226 1.2405 .8893 

4374.7 11.226 1 . 2 6 Q2 .8372 « 


Thermal 
conductivity , 

It, 

col/(*)( 0 K)tcr 


100*00 

1.50 

1266 

200*00 

.75 

1066 

400.00 

• 36 

925 

1000.00 

• 15 

742 

2000.00 

.06 

624 

-♦000.00 

•04 

523 




1.00 

O 

O 

0 

3231 

1.05 

142.8b 

3203 

1.20 . 

125.00 

3130 

1.40 

107*14 

3Q4 7 

1*60 

93.7b 

29 76 

1*78 

04.26 

2921 

2*00 

75.00 

2862 

4.00 

37.50 

2528 

10.00 

15*00 

2136 

10*21 

14.70 

2120 

20*00 

7.50 

1873 

40.00 

3.75 

1634 


3745.9 11.226 1,3257 


611 | • 0 007 C 

610' *00070 

353 .00052 

49b .00054 

423 .00044 

36b .00057 

31b *00051 

253 .00024 

* 000^0 
176 .00016 


1354 ; 3534.1 ! 12.482 1.2b7o I .7556 ' 

116/ | 3395*2 12.482 1.2813 I . 7251 

999 3273.9 12.462 1.z9oj .69b4 

806 3144. b 12.482 1*3131 .6644 

bol 3062.6 12.482 I 1.327b ,6431 

573 2993.8 12.482 l,33di .6300 


023 i 0*00092 
b 22 *00092 


648 i .00068 
647 .00068 

592 .00061 

535 .Q0053 

439 *00044 

4 C 2 ! *00037 

340 i .00081 


3304 

4506.9 

13.622 

1 . 2 0 b 3 

0.8331 

051 

3277 

4563.5 

13.622 

1 ,2066 

• 8320 

047 

3202 

4500.4 

13.622 

1.2075 

.8491 

037 

3118 

4429.3 

13.622 

1.2064 

.8458 

025 

3047 

4369.2 

13.622 

1 .2093 

.8428 

013 

2992 

4322.8 

13.622 

1.2101 

.8403 

60 7 

2932 

4271.9 

13.022 

1 .2109 

.8374 

796 

2593 

3992.8 

1 3.622 

1 . 2 1 OO 

• 0193 

743 

21*0 

3673. 1 

13.622 

1 .2236 

.7*25 

6 7i 

2lVQ 

3666.5 

13.622 

1 .2230 

.7*19 

671 

1931 

3464,5 

I3.b22 

1.234Q 

. 7694 

617 

1690 

32 01 .6 

1 3. b22 

1.2441 

.7436 

339 

1405 

3075.1 

i 3.622 

1 .2601 

.7060 

483 

1214 

2942.0 

13.622 

1.2739 

• 6 783 

423 

1043 

2820.9 

1 5. 02 2 

1 .2800 

.6310 

170 

84 5 

2/03.0 

13.622 

1 .3000 

.6193 

J0-: 

710 

2624, 3 

13.622 

1.3214 

.3*90 

£33 

60 3 

2557.7 

i3.o22 

i.3327 

.3044 

214 


R 

= 0.900 

. PERCENT FULL 

= 12*2 

3336 

4142,9 ] 

14.653 

1.20^4 

0*7990 

d?0 

j ->306 

4121.0 ! 

14.653 

1.2047 

.7*01 

066 

3234 

4061.7 1 

14.653 

1.2056 

. 7934 

833 

1 3130 

399 b » 0 

14.6b3 

1.2063 

. 7923 

043 

1 307b , 

3936.6 

14.653 

1.20 74 

. 7096 

832 

3024 

3893*3 

14.653 - 

1.2001 

. 78 74 

824 

2962 

384 7.2 

14.653 ; 

1.2009 

. 7048 

815 

2625 

3 b8 4. 9 

14.633 

1.2143 

. 7604 

761 

222 7 

3284.0 

14.633 

1 .2230 

• 7430 

689 : 

22 1* 

3277, b 

14.633 

1.2232 

.7432 

607 

195* 

308 7,4 

14.653 

1,2310 

. 722 7 

032 

1 716 

2914,0 

14.033 

1.2400 

.6*00 

3 73 

, 14 3 1 

2/19.7 i 

14.633 

i .2302 

.6030 

4*0 

1236 

2394.4 

14.633 

1.26*7 

.0303 

440 

1060 

2400. 3 

14.633 

1 .2 844 

.6 123 

383 

003 

2366.6 

14.033 ' 

1.303/ 

.3022 

313 

734 ; 

2291.6 

14,053 

i.3l 74 j 

.3630 

260 

1 • <0 

2220. 1 

14,653 

1.32*2 | 

• 34 to 

223 


.00084 
.00063 
.0006 1 
• 0000 o 

*000/9 
*00078 j 
* 000/1 


Moch 

number 

M 

Specific 
impulse 
in vacuum, 

(IbMMcj/lb 

= 4.76 2 

0*000 


.204 

339,3 

.552 

342 . 1 

.755 

304.8 

.897 

296.2 

1.000 

294,7 

1 .100 

295.8 

1 .603 

318,6 

2.155 

351.7 

2.167 

352 .4 

2.543 

3 72.0 

2.925 

390.4 

3.439 

409.3 

3*046 

420.8 

4.200 

430*3 

4 ■ 9g 7 

440.4 

5.433 

446.5 

6.OQ0 

451.5 

= 5.556 

0*000 


.205 

322.3 ! 

.353 

331 . 3 

.756 

2 93.4 

.0** 

207.2 

i .000 

203.0 

1.102 

206.9 

1.605 ; 

3 09.3 . 

2.156 

341.8 

2.168 

342,4 

2 * 542 

362 .3 

2.920 

300-0 

3.427 

398 . 7 

3.020 

410.2 

4.231 

419.7 

4 * 0 b 1 

429.9 

5.371 

436.1 

5.930 

441.2 

= 6*349 


0*000 


.283 

303.8 

.3 34 

321.Q 

. 757 

286. 1 

•*00 

2/8.2 

1.000 

2 76.9 ' 

1 .103 

2 77.9 

1.606 

299.8 

2.15b 

331.5 

2.160 

332.1 

2.341 

331.7 

2.9 18 

368 . 0 

3.421 

307,3 

3.817 

398.6 ; 

4.2 34 

408.0 

4.804 

410 .1 

3.334 

424.2 

3 . 882 | 

429.3 r 

7. 143 


0*000 


.203, 

490.1 

• 3 34 

311.0 

.738 

2 77.3 

• *00 

269.6 

1.000 

268.5 

1.104 

269.4 

1.60/ 

290.6 

2.137 

321.5 

2.160 

322.1 

2.341 

34 1 , 2 

2.9 16 j 

3 3 7.9 

3.41/ 

3/3.9 

3.011 j 

38 7.0 


Thrust Specific 

coefficient, impulse, 

C F l 

f ilbXmt/ilbi 


•619] 146.6 
.684; 162.0 


1.263 299.6 

1.269 | ; O0 * 7 ; 
1.400 ! 831.7 
1*306 557 . 3 

1.621 383*9 

1.688 399.9 

1.744 413.1 

1.803 427.01 

1.638 435.5 

1.866 442*4 


*526 ! 120*9 j 
.618 142.1 


1.299 1*021 , 234.7 

2.213 1.266 290*9 

2.242 1.270 291.9 

3.5o2 1.4o2 322*3 

5.671 1.511 347.4 

10.922 I i.623 373.6 

18.033 1.694 389. 5 

29.905 1. 751 j 4 0 2.6 

56.305 1.812 ' 416.5 

96.550 1.649 : 425.0 

159.767 1.679 i 432. Q 


l.bld 404.9 
1.855 413.2 
1.867 420*2 


•618 ! 133.3 
.680 : 1 46 • B 


1*021 I 22C* 4 ' 


1*266 273.6 

1*271 2 74.4 


3.533 

1,4 Q4 

, 30i.l 

3.740 

| 1.3x4 

i 326.9 

| 

11.109 

2.030 

j 331*9 

io.439 

1. 700 

367.1 

30*6/0 

1. 739 

S79.7 

60*143 

1.021 

39J. 1 

99.976 

1.059 

401.4 

163.972 

1.891 

408.2 j 
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TABLE II. - Continued. THEORETIC TIL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FOR 

LIQUID HYDROGEN WITH LIQUID OXYGEN 

[Equivalence ratio, R; oxidant-fuel ratio, 0/F . ] 

(f) Continued. Combustion-chamber pressure, 150 pounds per square inch absolute; 
frozen composition during isentropic expansion 


Pressure 

rotio, 

P c /P 

Static 

pressure, 

P, 

lb/iqio 

Temp 

eroture 

T, 

°K 

Enthalpy 

h r 

cot/® 

Molecular 

weight, 

Isentropic 

exponent 

7 

Specific 

heat, 

V 

Vise os 

<*y, 

M, 

micro 

poises 

Thermal 

conductivity 

k, 

tol/ (wtH°K ir«u 

1 

Mach 
1 number 
M 

Specific 
impulse 
in vocuurr 

L«, 

HbHwcl/lb 

C 

Thrust 

coefficien 

C p 

Specific 

impulse 

I. 

rr'*: 



R = 1.000. PERCENT FUEL 

= 11 . 

19. 0/F 

= 7.937 



1*00 

150.00 

33* 1 

3777.9 

15.366 

1.20-35 

0-7339 

082 

O.OOOol 

o.ooc 





1.05 

14C . 86 

3316 

375 7.2 

13.566 

1.2030 

.7330 

0 78 

*00060 

• 2o3 

4/3.3 

2,170 

1 * 202 


1.20 

125.00 

3239 

3701 .* 

13.306 

1 . 20*0 

• 7 3 0 3 

ODO 

*00079 

•33* 30 .0 

i .20 

,389 


l .*0 

107.1* 

3133 

3030,6 

15.306 

1*2036 

.7*7/ 

063 

.000 78 

. 738 

264.1 

l.Qb 2 

. 3C3 

1 10 * 1 

1.60 

93.76 

306* 

3385.5 

15.306 

1.206* 

. /*32 

8*3 

. 000/6 

.901 

261.6 

1.009 

.617 

129*4 

l . 7a 

8 *. *5 

3029 

35**. 7 

13. 58b 

1.2071 

. 7*32 

0 36 

*00073 

1.000 

260.* 

1.000 

,680 

1*2.4 

2.00 

75.00 

2966 

3*99.* 

13.366 

1.20 79 

.7*07 

627 

•0007* 

1 . 10 * 

261 .* 

1.009 

. 7*3 

155.7 

*•.00 

37.50 

263 1 

3252.2 

15.586 

1.2182 

.723* 

7 72 

•00066 

1.607 

282 . 1 

1.30 3 

1,021 

2 13.9 

10.00 

15.00 

223* 

2968.5 

15.566 

1.221 7 

.7025 

699 

.00060 

2.157 

312 . 1 

2.228 

1.26b 

265.4 

10.21 

1* • 70 

222b 

2962. 7 

15.386 

1 . 22 19 

.7014 

69 7 

*00060 

! 2.166 

J12.7 

2.238 

1.271 

266. 3 

20.00 

7.60 

1967 

2763.1 

13.306 

i .2296 

>6020 

6*2 

•0005* 

2 . 5*o 

331* 3 

3 . 3 3 9 

l.*0 4 

: 294.2 

*0.00 

3.75 

172* 

2620.1 

15. 306 

1.2 3*2 

.6006 

38* 

•000*8 

2.915 

3* / . 3 

5, 732 

1.313 

317.4 

100.00 

1.60 

1*39 

2*33.6 

13.306 

1.2^43 

.6209 

307 

•000*0 

J « * 16 

365,1 

1 1 . 143 

1.631 

3*1 . 7 

200.00 

. 75 

12*6 

2317.3 

13. 30b 

1.26/3 

.60*1 

*30 

• 0003* 

3.808 

3/5.9 

16.309 

1. 7oi 

356.5 

*00.00 

.3o 

lQ /4 

2214.9 

13.306 

1 .2020 

• 3 796 

39* 

•00024 

*.22 i 

384,9 

3Q • 82 1 

1.760 

368.8 

1000.00 

• 15 

673 

2101.5 

: 13.306 

1.3015 

• 3 30 7 

32* 

•00023 

*• tt 12 

34* .6 

60.493 

1. 822 

381.9 

2000.00 

.06 

7*1 

2030.3 

15.386 

1 . 3 130 

.3322 

2 76 

•00019 

6.30J 

400*5 

100.6** 

1.661 


*000.00 

.0* 

626 

1970.0 

13.386 

1.32/1 

.5173 

233 

•00016 

3.8*1 

405.4 

167.211 

; 1.893 

396.6 


R 3 1.500* PERCENT FUEL 

= 7. 

7*9. 0/F 

*11*905 




1.00 

150.00 

3219 

; 2626.1 

! 19.176 

1.20*7 

0.6098 

9C5 

0*00067 

0-000 





1*05 

1*2.86 

3193 

2609.9 

- 19.176 

1.2050 

.6091 

901 

.00067 

.265 

420-8 

2.171 

.203 

37.6 

1.20 

125.00 

3121 

2566.2 

19. 17b 

1.2056 

.6071 

890 

.00066 

.55* 

267.1 

1.262 

. 389 

72.2 

1 .*0 

107. 1* 

30*0 

2317.0 

19.176 

1*2068 

• 60*7 

876 

.0006* 

.758 

238.1 

1.062 

. 526 

97.4 

1 .60 

93. / 6 

2971 

2*75.* 

19. 176 

1,20 7 7 

• 6026 

06 3 

.00063 

.900 

231.5 

1.0 10 

.616 

114.5 

1.76 

6*. *1 

2916 

2**3.* 

19. 1 76 

1.200* 

.0008 

0 3 6 

.00063 

1.000 

230.* 

1.000 

.660 

126* 1 

2.00 

75.00 

2639 

2*00.0 

19.176 

1.2095 

• 5908 

0*6 

*00062 

1 • 103 

231.3 

1,009 

.7*3 

137.7 

*.00 

37.50 

2332 

221*. b 

19.17b 

1.21* / 

• 5063 

76 7 

•00036 

1.607 

249,6 

1.302 

1.021 

189.2 

10.00 

15.00 

21*8 

1992.8 

19.176 

1.2283 

. 30 7* 

710 

•000*9 

2.157 

2 76.0 

2.225 

1.266 

23*. 7 

10.2 1 

1*. 70 

21*0 

1980.2 

19.176 

1.223 / 

• 36b9 

7 06 

•000*9 

2.166 

276.3 

2.255 

1.271 

235.6 

20.00 

7.50 

1809 

18*7.9 

19.176 

1.231* 

.5313 

631 

.000** 

2.5*1 

292.9 

3.531 

1. *0* 

260*2 

*0.00 

3.75 

1635 

1720.8 

19.176 

1.2*06 

.53*0 

392 

•00039 

2.917 

307.2 

5.736 

1.51* 

280*7 

100.00 

1.50 

1360 

1577.0 

19.176 

1.2337 

.5069 

513 

.00033 

3.419 

322.7 

11. 10* 

1.630 

302*1 

200.00 

. 75 

1195 

1*8*. 7 

19.176 

1.26e* 

• *896 

*38 

.00028 

3.813 

332.2 

18.436 

1.7 CO 

315.1 

*00.00 

.38 

102 9 

1*0*. 9 

19.176 

1.2823 

.*708 

*0 J 

•0002* 

4.227 

340*2 

30.698 

1. 758 

326-0 

1000.00 

.15 

837 

1316.6 

19.176 

1.3007 

• *402 

33* 

•00019 

4.619 

348.7 

60*267 

1.821 

337.5 

2000.00 

• 05 

711 

1261.1 

19.176 

1.31*1 

.*336 

1 287 

•00016 1 

5.311 

353 .9 

100.302 

1.839 I 

344.6 

*000.00 ! 

.0* 

601 

12 1*. 1 

19.176 

1.3268 

.*212 

2*4 

L .00013 

3.8*8 

338.2 

166.710! 

1.891 

350*5 




R 

3 2.000 

, PERCENT FUEL 

= 5.9 

'27, 0/F 

*15.873 



. 

1.00 

150*00 

30*5 

2016.0 

21.610 

1.2087 

0.5325 

9 00 

0*00058 

0-000 


2.173| 

0*000 

0*0 

1.05 

1*2.66 

3020 

2002.* 

21.610 

1 • 2091 

■ 5316 

096 

.00056 

.285 

385.5 


.203 

34,4 

1.20 

125.00 

2951 

1963.6 

21.610 

1.2100 

.5299 

88* 

.00057 

.553 

2*4.6 

1.263 ' 

. 390 

66.1 

l.*0 

107.1* 

2673 

192*. 5 

21.610 

1.2111 

.5275 

670 

•00056 

.756 

218.0 

1.063 

. 526 

89.2 

1.60 

93.75 

2806 

1609.6 

21.610 

1.2121 

.5255 

658 

•00055 

• 899 

211,9 

l.oio 

.618 

1 0*. 9 

1.78 

8*. 26 

2755 

1662.* 

21.610 

1 *2i29 

• 5238 

6*8 

•0005* 

1.000 

210.9 

1.000 

.682 

113.6 

2.00 

75.00 

2699 

1833.2 

21.610 

1 .21 39 

.5220 

838 

•00053 

1. 102 

211.7 

1*009 

. 7 ** ; 

126. 1 

*.00 

37.50 

2383 

1671.3 

21 .610 

1.2196 

.3106 

111 

•000*9 

1.603 

226 . 3 

1 . 299 

1-021 ' 

173.2 : 

10.00 

15.00 

2017 

1*66.2 

21.610 

1.2209 

.*957 

09 7 

•000*2 

2.156 

252 . 3 

2.215 

1.266 

214.7 

10.21 

1**70 

2009 

1*62.4 

21.610 

1.2291 

• *93 3 

693 

.000*2 

2.166 

232.8 

2.2*4 

1.270 

215.5 

20.00 

7.50 

1769 

1363.7 

21.610 

1.23/4 

.*793 

637 

•00036 

2.3*2 

267.6 

3 • 3Q6 

1.4 02 

237.9 

*0.00 

3.73 

15*6 

1260.1 

21.610 

1 .2*70 

.4645 , 

577 

•00033 

2.921 

280.6 

5 . 60 3 

1.312 

236.5 

100.00 

1.50 

126* 

11*1.2 

21.610 

1 .2619 

.**30 

501 

.00026 

3.427 

294.3 

10.972 

1.626 

2 73.9 

200.00 

.75 

1109 

1063.1 

21.610 

1.27*6 

.*269 

**5 

•0002* 

3.826 

303,1 

18.1/8 

1.696 

287.7 

*00.00 

. 38 

952 

999.5 

21.610 

1.20 76 

.*11* 

392 

• 00021 

4.2*6 

310.2 

30. 20C 

1.733 

297.* 

1000.00 

• 15 

772 

92 7.1 

21.610 

1.3037 

.3927 

326 

• 0001 7 

4.8*7 ; 

317.9 

59. 1*6 j 

1.813 

307.8 

2000.00 

.08 

655 

681.7 

21.610 

1.3107 

. 3605 

281 

•oooi* 

5.3*6 

322.3 

98 .282 

1.852 

3 i * . 2 : 

*000.00 

.0* 

552 

6*3.3 

21.610 

1 • 3 JO 7 

.3700 

2*0 

*00012 

5.891 

326.4 

163.108 

1.883 

319.4 




R 

= 3.000 

PERCENT FUEL 

*•031. O/F 

=23.810 





1.00 

130.00 

2695 

1361.* 

2*. 61* 

1.219* 

0.4*68 

859 

0.000*7 

0-000 




0*000 

0*0 

1.05 

1*2. 6d 

2672 

1370.6 

2*. 61* 

1 .2190 

.4*01 ; 

053 ! 

•000*7 

.283 

339.8 

2 . 160 

• 203 

30*3 ■ 

1.20 

125.00 

2606 

13*2.* 

2 * . 6 1 * 

1.2209 

.4*63 

8*2 

•000*6 

.651 

213.3 

1.266 

.391 

58.3 

1.40 

iu7, 14 

<1336 

1310.* 

2* .61* 

1.2221 

.4**2 

020 

•000*5 

.7 5* 

191.9 

1.064 

.327 

7b . 6 : 

1.60 

93.73 

2* /3 

1203.3 ; 

2*. 61* 

1.2233 

.4*23 

013 

•000** 

.896 

186.3 

l.oio 

• 620 1 

92.4 

l • 7y 

63.95 

2*26 

1261.5 

24.61* 

1 .2 2*3 

.4*0 7 

003 

•000*4 

1.000 ' 

183.6 

1.000 

.685 

102.1 

2.00 ! 

75.00 

2376 

12 39.7 

24.61* 

1.2233 

.*391 

793 

.000*3 

1.09b 

166.2 

1.006 ' 

.7*3 j 

111.1 

*.00 

37.50 1 

2089 

111*.9 

2*.0l* 

1.2322 

.*203 

731 

•00039 

1 . 60 * j 

2C0. 5 

1.29 3 

1.022 

152.3 

10.00 

15.00 

1752 

973.1 

24.61* 

1.2*2 / 

.*13* 

6*9 ' 

•00033 

2. 155 i 

221.1 

2.190 


188.5 

10.21 

1*. 70 

17*5 

970.2 

2*. 61* 

1.2*30 

.4130 

6*/ 

•00033 

2.167 

221.6 

2.219 

1.269 ; 

189.2 

20.00 

7.30 

1527 

06 1.3 

2*.61* 

1 • 23 10 

.*01* 

384 

• 0003 C 

2.3*5 1 

234.3 

3.431 

1.399 . 

208.6 

*0.00 

3.76 

1326 

001.7 

24.61* 

1 .262 1 

• 300 / 

33Q 

.00026 

2.430 

243.3 

3.363 

1 • 5 0 7 

224.6 

100.00 

1.30 

1091 

71c. 6 ! 

24.61* 

1.2 7 /3 

.3/10 

* 3 7 

.00022 

3.4*6 

237.1 

10.639 

1 . 6 1 0 

2*1.2 

200.00 

.73 

936 

633.9 

24.61* 

1.2097 

.334* 

*05 

•00019 

3.838 

264. 3 

1 7 ,36 3 ; 

1.666 

261.3 

*00.00 

. 38 

799 

607.* 

2*. bl* 

1 ■ 3 Q26 

.3*7* 

336 

•00016 

*.291 

2/0.3 1 

29.027 

A. 741 

239.:; j 

1000. 00 

.16 

6*3 

334.3 

<r*. bl*. 

1.3201 

. 3 32> : 

2*3 

• 0001.5 

4.4 14 

2 /b. / 

36,4/0 

1.800 

266.3 

2000.00 

• 0O 

542 

321.2 

2* .6 1 * 

1 .3*24 

• J 2 3 3 

2 3*1 

•OOOil , 

3.431 

2 OQ . 3 

93,3/3 

i « 0 J 3 

2/3*6 

*000.00 

• 0* 

*35 

*9 j.3 ; 

L 

1 .3*t*9 , 

. 3 l*+6 

210 | 

• 000C 9 ! 

3 * 4 y / ' 

2 0 3 ./ 

13* , C£0 

1.663 

2/E.o 
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TABLE II. - Continued. 


(f) Concluded. 


THEORETICAL ROCKET PERFORMANCE AT ASS; GNED PRESSURE RATIOS FROM 1 TO 4000 FOR 

LIQUID HYDROGEN WITH LIQUID 0: .YGEN 

[Equivalence ratio, R; oxidant-fuel ratio, 0/F.] 

Combustion-chamber pressure, 150 pounds per square inch absolute; 
frozen composition during isentropL expansion 


Pressure 

rotio, 


Sto ” c j Temp 
pressure, | eraKjfe , 


Entholpy, 

h. 


Molecular , Isentropic 
weight. erponenl 

7J1 Y 


Specific 

heat. 


Viscos- 

ity, 

A, 

micro 

poises 


Thermal 

conductivity, 

k 


Specific 
Mach impulse 
number in vocuum.j 


Area 

ratio. 


. Thrust Specific 

icoefficient, impulse. 

! c. J. 


1.00 

1.03 I 


<*.00 ; 

10.00 : 

10.21 

20.00 

* 0-00 | 

100.00 i 

200.00 i 
‘+00.00 ' 

i ooo. oo ; 
2000*00 : 
*+000.00 ' 


1.00 

1.03 : 

1.20 I 
i.i+o i 
1.60 1 
1 * e 0 ■ 
2.00 
*. 00 


10 0. U'J . 
200. 00 j 
<+■00. 00 I 

1000.00 
i 2000.00 
: * 000.00 


\ 50*00 

1 <+2 * 6 D | 

123.00 
1U 7* 1* | 
* 3. 73 | 

0 3.30 

73-00 

1 / • s a 

13.00 j 
1 4 • 7 O j 


13 0*00 

i 42 . Ofc 

12 3.00 



_K 

-* 4 . 00 C. 

P ~ F L 5 7 

FjLl 

- 3.034 

U. F 

2 36 3 

103 *.* 

26 . 26 / 

1.2316 ; 

0.4022 

6 02 ' 0 

+ ooo*c 

2 3 *+ 1 

10 * 3. 7 ; 

26.26 7 

1 . 2 3 1 * ; 

.4013 

7*7 

. 000 ' 0 

2263 

1022 .*+ 

26.267 . 

1*2332 1 

. } v '-i 7 

18 + 

• 000 - * 

22 1 7 

rye,/ ! 

20. 26 / ; 

i • 2 340 i 

• s * 7 b 

7 7 0 i 

. 000 . « 

2 16 1 

* 74.1 i 

2 0 . 2 6 7 | 

1 , 2 36 1 

. 5*3 7 

7 3 7 

. 000 . 7 

2 11 * 

*3 3.3 

2 6.26 / | 

i • 2 3 i 3 

. } *42 

/ 4 6 ! 

00036 

2 Q/i 

* 30.4 

26. 26 7 | 

1 . 2 3 a 4 | 

• 4 V 2 7 

736 ' 

OOO > <3 

i o 0 * 

636 .* 

26 . 20 / 

1.2 461 | 

• 3 0 2 7 

0/3 

. 00034 ' 

1 3 Q 3 

722.4 ; 

26 . 20 / 

1 . 23/6 

. 3 0 * i 

3 V l ; 

. 000 * 7 

1 *+ VO 

720.0 ! 

2 0.26 7 

1 • 2 3 / * 

. 3 6 0 / 

36 V | 

. 000 ^ 7 

1303 

o*+a . v 

20.2 3 7 : 

1 . 20/3 

. 33 0 2 

3 3 3 i 

. 000*4 

1123 

3 6 3.3 

2 6.23 7 i 

1 . 2 7 o .1 . 

.3472 

4 / 0 

. 000 . 1 

* 16 

3 1 3 • 0 

26. 26 / 

J . - v J v ' 

. 132 b 

4 0 '4 

. 000 - 7 

/»o 

4 70 . 7 ; 

2 6 • 2 8 7 

1 . 3 Q 6 o 

. .! 2 - 2 Q 

3 60 

• 30 C 

66 1 

** 33 . C | 

2 0.20 7 

1.32 CO 

.‘lid 

*1 3 

• 000 5 

32 7 

3 * 2.0 

2 6 . 2 3 7 

1 . 33 *' V 

.2 ^ * 6 

200 ■ 

• 0 00 c 

*♦*♦2 

060.6 

2 6 . 2 0 / 1 

1 . J 3 0 1 

« 2 » 1 3 

423 ; 

+ 000 * 

360 

34 3.3 

2 6 . 2 0 / 

1 . 33*4 

• 2037 

1 a * ' 

.000 7 


K 

= 5 . 000 1 

1 Pt KC C ' 

V 1 F U t. L 

s 2 . 43 d 

, w P 

2060 

I 

653.0 

27.307 

1 . 2*36 

c • i 7 1 2 

741 1 0 

• 0 00 * 

2 0 * 7 

04 /. 7 

2 7 . 30 7 ; 

1.2443 

. 3/06 

i 73 o : 

.0 00 4 

1 **++ 

; 620.1 

2 /. 30 7 : 

1 . 243 / 

• 360 * 

724 

• 000 1 

1 * 3 * 

606 .c : 

2 7.30 7 

1 . 24/4 ; 

• 366 * 

7 09 

.000 2 

166 3 

! 7 » /.3 i 

2 7 . 307 

1 . 240 * : 

. 363 1 

6 * / 

. 000-2 

1 6 J * 

j / 71.3 : 

2 7 . 30 7 

1.2303 1 

• 3633 

660 

• COO ■ 1 

i e 0 i 

/ 3 7 . 6 

2 7.30 7 

i .231 3 . 

. 362 1 

0 7 6 i 

• ooo 1 

i 30 *. 

0 / 2.0 

2 /. 3 U 7 , 

1 . 23 V 0 

• 3 3 2 V 

0 1 3 ' 

• 000 / 

12*0 

3 7 7 .* 

2 7.30 7 

1.2 / 2 2 

. + 4 Q 1 

3 3 3 : 

• 000 3 

126 * 

3 / 6.0 

2 7.30 7 

l . 2 / 2 3 ; 

.3 3/0 

33 * 

.000 3 

1110 

317.3 j 

2 7 . 30 7 

1.262 / | 

• 3 3 0 2 

460 

.000 0 

y ao 

1 463.6 j 

27 . 30 / 

1 . 2*40 ; 

• J 2 0 3 

423 

. 000 6 

/oo 

*+ 0 6 « 3 1 

2 7 . 30 / 

1 . 3 2 0 0 

. tOo* 

36 3 

.0 00 4 

630 

J 72 .b ' 

2 /. 30 7 i 

1 . 3 2 4 1 

. 27/3 

3 l Cl 

.000 . 

b *+7 

3 * 2.6 

2 /. 3 Q 7 | 

i , j 1 1 / 

. 260.1 

| 2 7 b j 

.000 0 

432 

| 310.1 ' 

2 /. 30 7 : 

1 . 334 / , 

, 2 7 7 y 

1 2 2 /; 

•000 t? 

360 

! 290.2 I 

2 /. 30 / 

1.3640 i 

. 2/27 

1 * 3 ’ 

• 000 t 7 

ivv 

2 7 j.o : 

2 7 . 30 / 

1 . 3/04 

. 2 cri 3 

162 

. 00 .) >0 


.000 

.262 

• 3*6 

. 7 30 | 

• O >2 j 

• 000 | 

. c *4 ■ 

.153 

*166 


8.* '0 
i ■ « * i 


3 (j 7 . / 

i y 3 . rj 


.6 7. / I 

166*3 
i o 0 . o 

1 V V • i | 
i**.3 | 
210.6 ; 
220.3 


23Q. 


£ -I 7 . 3 : 
2 3 0.6 
233*2 : 


= 3V »6b3 

0.000 
.2ol . 
» 346 
. 74 7 • 
• 66« • 
1 .000 
1.0*0 


i/o.o 
13*. i ' 

13*+.** 
133.6 
164 .0 , 

i 


.16 6 
.333 1 


3.4V 1 
3 . 1 <- 4 
*+ . 366 

3.037 

3.623 


1.16/. 
i .26* i 
1.066 ; 
i .Oil 
1.0 00 
* .000 
1.266 


2 . 1*2 | 
3 . 3*1 
3.435 

1 0 * 3 3* 

i 6. *2* 


3.6/0 

a • 2 *+ 0 


1.012 

J . 000 


71.2 

0 3.6 


1 J 7 . 6 

1/0.0 

.70.6 

1 a / . 3 

*n 

2 16.6 


+ 00C 
.20'-' 
• 3 **+ 


. ft (6 

i.C-*' 3 


1 rj . 0 1 3 2 1 . 6 c 2 


6 1 » i 3 2 1.77C 

6 3.36/ : - • b o 2 

13 6./*+*+ 1.020, 
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FOR 

LIQUID HYDROGEN WITH LIQUID OXYGEN 

[Equivalence ratio, R; oxidant-fuel ratio, 0/F . ) 

(g) Combustion-chamber pressure, 200 pounds per square inch, absolute; 
frozen composition during Isentropic expansion 


1 

Pressure 

rotio, 

Static 

pressure, 

P 

T 

K 

Enthalpy . 
h, 

Molecular j Isentropic 
weight, exponent, 

Specific 

heat. 

Viscos- 

ity, 

A, 

Thermal 

conductivity, 

Specific f 
Mach impulse 

number in vacuum,. 

Area Thrust 

ratio, coefficient 

Specific 

impulse 

P c /P 

fb/iqm. 

afes 



y 

^ c p. 

micro 

poises 

k, 

ca</ |'iac‘i{ r, K lion! 

M 

hoc 

'tt>IIUK,/lb 

e 

s 

1 fell *•«.•/ ilb« 





~ 0 * 1 50 • PtKCtNT rlttL 

= 43,6b. 0/F 

= 1*190 




1.00 

300.00 

1183 

b ,-i 1 3 • b 

4.416 1.33V6 

..7733 

314 

0-00073 

0.000 



0.000 

0.0 

1.05 

2 6b. 7 1 

1 168 

32 8 7.7 

4.416 

1.3406 

1.7710 

311 

.00073 

.2 71 

330.0 

2 . 230 1 

• 2 lo 

47.4 

1.20 

2 bO • 00 

1124 

32 lo .6 

4.41b 

1 « 34 30 

1 . 7397 

30b 

.00070 

.327 

334 .2 

1 .29 7 : 

. 4Q3 

90*9 

1.4Q 

214.29 

108b 

3 14 1.8 

4.416 

1.3469 

1. 74/2 

293 

.00068 

.722 

296.1 

1 ,0® 1 

. 543 

122.2 

1.60 

1 8 ? . 3 0 

104 V 

30 7 7. 7 

4.416 

1.3497 

1 .7369 

283 

.00066 

.860 

286.6 

1.018 ■ 

.636 

143.2 

1.87 

i 60. B 4 

1008 

V006.6 

4.416 

1 .3328 

1. 7237 

276 

.00063 

1.000 

284.1 

1.000 

.725 

163.4 

2.00 

150 #00 

V 8 V 

4V 73.4 

4 , 4 lt> 

1.3340 

1. 7210 

272 

*00062 

1.039 

284.4 

1.003 

. 761 

171.5 

4.00 

7 5 . U 0 

824 

•4tl^ J» • ^ 

4.416 

1 .8631 

1.6023 

234 

.00032 

1.306 

30i.7 

1.233 ■ 

1.031 

232.3 

10.00 

JC.UC 

64 j 

J * a • 

4 . 4 1 O 

1.1/46 

1 «63Q3 

160 

•00042 

2 • 1 32 

J 2 7 , 3 

1,974 

1.257 

283.1 

20. UO 

13.00 

b 32 

420V. 6 

4.416 

1.3/99 

i .6 344 

1 3 9 

.O003b 

2.306 

J43. 3 

2 .982 

1.376 

309.9 

20.41 

14.70 

324 

4204.4 

4 , 4 1 O 

1.3801 

1.6340 

136 

.00033 

2.399 

J43.V ■ 

3. 0^0 ! 

1.379 

310.6 

40.00 

7.=0 

4 3V 

4036.4 

4.416 

1. 3824 

1 .6268 

13 3 

.00029 

3.031 

336.4 

4.620 

1.467 

330*4 

100.00 

3.00 

340 

36VV.0 

4 . 4 1 0 

1 . 3802 

1.6093 

IQ 4 

•00023 

3.648 

369.6 

6.432 ' 

1.558 

350*8 

200.00 

1.30 

2 80 

3602.6 

4.416 

1. 3V26 

1.3961 

83 

.00018 

4.149 

377.7 

13.431 i 

1 . 6 10 

362.6 

400.00 

.73 

2 30 

3723.2 

4.416 

1.4008 

1.3362 

70 

. 000 1 b 

4.673 

384, 1 

2 2 . 488 1 

1.652 

372.0 

loo u. oo 

• 3C 

17b 

3640. 1 

4.416 

1.434V 

1.4847 

3b 

.00011 

3.438 

3 V 0 • 6 

39.928 

1.694 

381.6 

2000.00 

.13 

142 

3390.9 

4.416 

1.4330 

1.438V 

43 

•00009 

6.396 

3V4.3 

6 3 « b 72 i 

1.719 

387.2 

4000. 00 

.Oo 

114 

3bb 1 .2 

4.416 

1 .4 ?0b 

1 .4063 

3b 

-00007 

6.843 

397 .3 

100*938 

1.739 

391.6 




R 

= 0.200 

» MFRCtNT FUEL 

= 38.65, O/F 

* 1.587 




1.00 

300*00 

1 b 14 

2V6V . 7 

3.2 16 

1 • 30 7 V 

1.6183 

4o2 

0*00084 

0*000 



0*000 

0*0 

1. 05 

283.71 

14 V 7 

294 1.7 

3.216 

1.3090 

1.614Q 

39V 

•00083 

.2 74 

332.2 , 

2.23 3 , 

.209 

49.3 

i .20 

2 bQ . 00 

14 bo 

2866.6 

3.2 16 

1.312Q 

i .6022 

389 

•OOOO 1 

.333 

346.6 

1.269 | 

.400 

94.6 

1.40 

2 1 4 * 2 * 

i 3Vo 

2 7 6 3 . 2 

3.2 lb 

1.3133 

1 ,388 7 

378 

.000/8 

• 7 J 0 

3Q9.3 

1.077 i 

.5 39 

12 7.4 

1.60 

1 8 7 • b 0 

1354 

2 713.2 

3.216 

i . 3 183 

1.3772 

36V 

•00076 

.869 

299.6 

1.016 1 

.632 

149.4 

1.83 

162.4 7 

130 7 

2640.3 

3.2 16 

1.3217 

1.3631 

339 

-00073 

1.000 

29 7 .3 

1.000 i 

. 716 

169.2 

2.00 

13Q.OO 

1262 

2601.1 

3.216 

1 • 32 36 

1.3364 

333 

• 00j7 2 

1 .068 

2 9 7.8 

1.004 i 

. 757 

179. 1 

4.00 

7b. 00 

10 I'i 

2290.0 

3.216 

1.3391 

1 .3046 

30 f 

.00061 

1.3 72 

3 16. 7 

1.244 : 

1.029 

243.2 

10.00 

30.00 

8b 2 

iVb4. 3 

3.216 

1.3338 

1.4316 

2 31 

-00048 

2 . 148 

J44 . 7 

2.009 ■ 

1.257 

297.2 

20.00 

lb. 00 

70V 

1/48,8 

3.216 

1.3036 

1.4232 

213 

•000^0 

2.3 7 J 

362.0 

3.Q49 I 

1.379 

325.9 

20«4l 

14. ?0 

70b 

i 743.3 

3.2 16 

1.3036 

1 .42 23 

2 12 

•00040 

2.3 86 

J 6 2 . 4 

3.088 ; 

1.382 

326.7 

40.00 

7.b0 

308 

i o • o 

3.2 16 

1.3/13 

1 .4066 

i 79 

•00034 

3.010 

J 7b . 0 

4.73V : 

1.472 

348 . 0 

loo. 00 

3.00 

438 

i 3V6.3 

3 • 2 1 6 

1.3/71 

1,3913 

142 

• 0002:6 

J . 6 i 9 

3V c • 3 

6.67V 

1.563 

3 70 » 0 

2UCJ. UO 

i.3 0 

3 7 V 

1286.2 

3.2 16 

1.3011 

1.3807 

11 7 

•00022 

4.111 

399 . i 

i 3 • 0 7 0 j 

1 .OlV 

3 0 2 . 7 

400.00 

. 7b 

312 

iivb.2 

3. 2 lo 

1.3601 

1.30/7 

9b 

.00018 

4.638 

4|jO • i 

22.2 96 i 

1.662 

392.9 

1000-00 

.30 

242 

low .0 

3.2 16 

l.JV/3 

1 . 3400 

74 

•00013 

3.394 

4 1 J » 4 

41.9/9 

.. 7Qb 

4Q3.5 

2000.00 

.lb * 

1 V8 ' 

1041. i 

3.216 

1 .4 13b 

1.29/7 

6 1 

.000 11 

6.CJ 14 

417.7 

6 7 . 5o 7 1 

1. 733 

i 1 09.6 ' 

4000.00 

• 08 | 

161 ; 

V93.V j 

3.2 16 

1.4330 

L .2368 

30 

.00009 

6.7()4 

421.1 

108. 734 

1. 754 

414.6 




R 

= 0.230 

, PtKCtNT full 

= 33.51, 0/F 

= 1.984 




1.00 

300.00 

18 17 

1249,3 

6.01^ 

1.2833 

l .4933 

481 

0*00092 

o-occ 



o.ooc 

o*c 1 

l.ob ; 

283.71 

1/9 7 

1220.2 

6 . 0 1 6 

1.2 b44 

1.4V 1 7 

477 

.00091 

.276 

363.4 

2 .219 

.207 

50.3 i 

1.20 

2 bO • 00 1 

1 743 . 

1142.1 
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FOR 

LIQUID HYDROGEN WITH LIQUID OXYGEN 

[Equivalence ratio, R; oxidant-fue: ratio, 0/F.] 

(g) Continued. Combust ion -chamber pressure, 300 poinds per square inch absolute; 
frozen composition during isentrop: c expansion 
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FOR 

LIQUID HYDROGEN WITH LIQUID OXYGEN 

[Equivalence ratio, R; oxidant-fuel ratio, O/F.J 

(g) Continued. Combustion-chamber pressure, 300 pounds per square inch absolute; 
frozen composition during isentroplc expansion 
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C P. 
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n, 
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35, 0/F 
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M 
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impulse 
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[■bKMKj/ib 
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E 
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J impulse 
1, 

;lbKwt l/ilb 
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R 
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.00085 

. 9 0 1 

280.8 

1.009 

.617 

138*9 

1.76 

168.91 
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.00083 

1. 104 

280*6 

1.009 

. 743 

167.1 ! 

4.00 

75.00 

2673 

3981.2 

13.740 

1.2131 

• 8234 

758 

.00076 

1.6o7 

302.8 

1.3o3 

1.021 

229.6 

10.00 

30.00 

2270 

3654.3 

13.740 

1 .2216 

• 7974 

687 

•00067 

2.157 

333.0 

2 .229 

1.266 

1 

284.9 

20.00 

15.00 

199b 

3440.7 

13.740 

1.2294 

.7/50 

632 

•00060 

2.340 

355.6 

3.539 

1.404 

315.8 

20.41 

14.70 

1990 

3434.6 

13.740 

1.2297 

. 7743 

630 

•00060 

2.351 

356 . 2 

3.590 

1.4ob 

316.6 

40.00 

7.50 

1752 

3252.9 

13.740 

1.2 391 

.7496 

373 

•00053 

2.915 

373.0 

3.733 

1.313 

340.7 

100.00 

3.00 

1462 

3040.4 

13.740 

1.2542 

.7136 

499 

.00045 

3.416 

391.9 

11.146 

1.631 

566.8 

200.00 

1.50 

1266 

2903.6 

13.740 

1.2676 

.6652 

441 

.00038 

3.8q8 

4Q3.5 

18.514 

1. 7q 1 

382.7 

400.00 

.75 

10^1 

2785.9 

13.740 

1.2822 

.6572 

385 

•00032 

4.220 

413.2 

30*827 

1. 760 

39 3.9 

1000.00 

.30 

867 

2655.2 

13.740 

1.3015 

.6243 

316 

•00025 

4.811 

425.6 

60*499 

1.823 

410*0 j 

2000.00 

.15 

753 

2573.1 

13.740 

1.3153 

.6034 

2b6 

•00021 

5 • 3 03 

429.9 

100*640 

1.861 

418.6 r 

4000.00 

.08 

636 

2503,6 

13.740 

1.3272 

.5867 

226 

•00017 

3.841 

4J5.2 

167.192 

1.693 

423.8 




R 
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- Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FOR 

LIQUID HYDROGEN WITH LIQUID *0> YGEN 

[Equivalence ratio, R; oxidant-fuel ratio, O/F.j 

(g) Continued. Combustion-chamber pressure, 300 pour ds per square Inch absolute; 
frozen composition during isentropic expansion 
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233.3 

1.009 

.743 

138.9 

22C 7. 3 

19. 320 

1.2117 

.5868 

800 

• 0005 

I.606 

251.9 

1.303 

1*020 

19 0 ■ 9 


19, 320 

1.2200 

*57q5 

724 

» 000 8 

2.157 

278.7 

2.232 

1.266 

236.9 


19. 320 

1.22/5 

.5550 

665 

•0004- 

2.54Q 

295.9 

3.546 

1.404 

262.7 


19, 320 

1.2277 

• 5 54 3 

664 

.0004: 

2.551 

296.3 

3.597 

1.408 

263.4 

1702.7 

19. 320 

1 ,236b 

. 5 3 7 7 

60 7 

.0004'- 

2.915 

310.4 

5.769 

1.515 

263.4 

i 665 ,2 

19. 320 

1.250/ 

.5131 

529 

• 0003' 

3.414 

326,2 

11.194 

1.632 

308.3 


19.320 

1.2630 

.4939 

4/2 

*0002 

3.603 

335.9 

18.624 

i.703 

318.5 

1377. V 

19.320 

1.276b 

,4/4 l 

4 16 

.0002 

4.215 

344.1 

31.071 

1.762 

329.6 

1266.6 

19.320 

1.295c 

.4515 

347 

• 0002 

4.600 

352.6 

61 . 164 

1.625 

341.4 

1229,1 

19.320 

1 • 30°7 

.4 361 

299 

.0001 

5.264 

358.2 

101.998 

1.864 

348.6 

116C.2 

19. 320 

1.3212 

,423 1 

2 55 

.0001 

5.8 14 

J 362.6 

169.845 

1.896 : 

354.7 

h 

: = 2.000 

, percent FjEL 

= 5.S 

27 . 0/ 

=13.87: 

I 




2016.0 

21.723 

1.2066 

0.5339 

9 1 0 

0*0005 

I 0*000 

T 

[ 2.172 

0*000 

0*0 

2002 .2 

21. 723 

1.2071 

. 5 3 33 

9q6 

<0003 

! .283 

: 366.2 

• 203 

| 34.6 

1965.1 

! 21. 723 

1.2000 

.5314 

094 

• 0003 

.5 54 

2 46.3 

1.262 

• 390 

6 6*6 

192 J.2 

! 21. 7 23 

1.209Q 

.5291 

880 

• 0008 

* 757 

2 19.6 

1 1.062 

• 526 

! 89.9 

166 / * v 

21. 723 

1 . 2 100 

. 52 71 

ot>8 

.0005 - 

.900 

2 13.4 

l.oio 

.616 

j 105.6 

lttbC.4 

21.723 

1.2100 

• 52 55 

0 5 8 

• 0003 

1.000 

212. 4 

1.000 

• 661 

| 116.4 

1630.6 

i 21. 723 

1.2117 

♦ 52 3b 

046 

.0003 

1.103 

213.3 

1.009 

. 743 

| 127.0 

1666,3 

: 21.723 

1.21 73 

.3125 

787 

.0004 

1.606 

230.0 

1.300 

: 1.021 

1 174.4 

14 76,1 

21. 723 

1.2263 

.4y5b 

?0 H 

.0004 , 

2.156 

' 254.3 

2.220 

1.266 

216.3 


21. 723 

1 .2344 

.4017 

640 

.0003 ' 

• 2.541 

269.8 

3.519 

1 . 4q3 

239.7 

13 52.1 

2 1. 723 

1.2347 

.4013 

046 

.0003 - 

. 2.553 

2 70.2 

3.569 

1.40b 

240.4 

i24 7.9 

| 2i. 723 

1.2437 

• 4660 

580 

•0003 ■ 

2.919 

262.9 

5,710 

1.513 

256.5 

1 12b. 5 

2i .72 3 

1.2503 

.4456 

5 1 i 

1 .0002 > 

3.423 

297.1 

11.039 

1.626 

276.2 

1Q48.6 

: 21. 723 

1.2 /Qb 

,4295' 

4 5 5 

\ .0002 • 

3.820 

303.6 

16.315 

1.696 

290- 1 

9 6 1.4 

' *1.723 

1,2830 

.4*3-5 

402 

.0302 

4.237 

| 313.1 

30*^73 

1.756 

300*0 

9 :J 7 * . 

21.723 

1.3016 

.3946 

J 3 5 

• 0001 ' 

4 . 833 

; 320.9 

59,799 

1.616 

310*6 


. 21.723 

1. 3 14 7 


269 

.000- - 

5.32b 

325.6 

99.50/ 

1.8 56 

317.1 

C 2 0 • 6 

' 21. 723 

1.32 7 0 

. .3712 

j 247 

.0001 1 

5.665 

529.6 

165.365 

1.887 

322.5 

h 

< = 3.00C 

, PERCE 

NT FUEL 

= 4. 

331 , 0/ ' 

= 23*811 





1 J 6 1 • 4 

24 . b69 

! 1.21o3 

0 . 4 - 9 3 

! 8 0 5 

! o«o co- t 

0*000 


i 2.179 

1 0*000 

0*0 

1 i 7 0 . 3 

24.669 

, 1.21o7 

.4406 

-5 6 2' 

.000- ’ 

.284 

| 341,1 

.203 

30*4 


24 .669 

\ 1.2196 

.4470 

d48 

.000* > 

.551 

2 16.3 

1.265 

.391 

58.5 

l;09.o 

24 « b69 

1.2211 

,444 9 

0 3 3 

.0004 > 

.7 54 

192 . ? 

1.064 

. 527 

78,9 


24,669 

1,2222 

' ,4431 

321 

.0004 J 

.896 

187.3 

1.010 

.620 

92.7 

Uo0.6 

2v • t>6 V 

1 .2231 

.4415 

I 0 1 0 

.0004 * 

1.000 

186,3 

1.000 

. b8 5 

102.5 

1236 .5 

24 . 06 V 

1.2242 

.4399 

i o-OO 

.0004 J 

1,099 

187.0 

1*008 

• 745 

| 111.5 

1112.6 

24.669 

1.2310 

. 4 2 3 3 

I 737 

*0003 * 

. 1,602 

20 1 . 3 

1,293 

1.02c 

j 152.9 

969. b 

i 24.069 

1 . 24 i 3 

.4144 

655 

.0003* 

2,155 

222.1 

2. 193 

1.265 

! 189.3 

c 7 7 • C 

24.665 

1.2502 

.4025 

594 

* 0 00 3 j 

| 2.545 

2 35*4 

3.457 

1.400 

; 209.5 

674.5 

24.669 

. 1.2505 

.402 1 

592 

• 0 0 -03 j 

! 2.556 

235.7 

3.505 

1.403 

; 210*0 

796.4 

; 24.669 

| 1.2605 

. 3698 

5 36 

.0002 ? 

! 2.929 

246.5 

5.575 

1.507 

; 225.6 

! 70 b • 2 

1 24.669 

1 1.2/55 

j . 3 ?29 

4 6 £ 

| .0002 2 

: 5.446 

j 258.4 

10.691 

i 1.619 

242.4 

643.9 

I 24,669 

1.20/0 

| .V-04 

4 1 0 

! ,0001 9 

1 5.855 

1 265.7 

17.627 

1.687 

252.5 

1 3 99*8 

! 2-. 669 

1.30 Co 

- . i 4 5 ; 

36 0 

,00015 

i 4.267 

: 271.7 

29.153 

1.742 

26Q • 6 

“45.9 

| 24.b69 

I i.3io2 

.333/ 

; 300 

.0001 3 

4.906 

2 76. i 

56.766 

1.801 

2b9 . 6 

5 12 . 3 

i 24.669 

! 1 . 3 3 1 * 

.3259 

| 250 

.0001 1 

5.421 

262 *0 

93.924 

1 • 0 j 7 

2 73*0 

464. C 

j 24.069 

| 1.3432 

.3153 

! 22l 

• 00CC-9 

5.985 

263.2 

155.224 

1.6b? 

2 79.4 
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM I TO 4000 FOR 

LIQUID HYDROGEN WITH LIQUID OXYGEN 

[Equivalence ratio, R; oxidant-fuel ratio, O/F.j 

(g) Concluded. Combust ion- chamber pressure, 500 pounds per square inch absolute- 
frozen composition during isentropic expansion 


Pressure 

ratio, 

Static 

pressure, 

P 

Temp- 

erature, 

T, 

K 

Enthalpy, 

h, 

Molecular 

weight 

Isentropic 

exponent, 

Specific 

heat, 

viscos- 

ity, 

Thermal 

conductivity, 

Mach 

number 

Specific 
impulse 
in vocuum, 

Area 

ratio, 

Thrust 

coefficient, 

Specific 

impulse, 

P c /P 

obt 

col /o 

Wl 

7 

c p- 

col/ lgH"K i ' 

micro 

poises 

k. 

cq|/(i*cH'-‘K!(c«i 

M 

1 rot 

llb)t Mcl/lfe 

e 

C F 

I. 

ilb.il wc.i/ikbi 





= 4.ooo» percent fuel 

= 3-054, O/F 

= 31 • 746 




l.CC- 

300*00 

~ “ 

2372 



1054.4 

26.307 

1.2311 

0*4025 

804 

0»00040 

o«ooo 



0*000 

0*0 

1.05 

285.71 

2351 

1045 . 7 

26. 307 

1.2315 

.4018 

799 

*00040 

.282 

508.3 

2 .187 

.204 

27.5 

1.20 

250.00 

2292 

1022,3 

26.307 

1.2--28 

.4000 

786 

•00039 

.349 

195.4 

1.269 

. 392 

52.9 

1.40 

214.29 

2226 

996.0 

26.307 

1.2343 

.3979 ' 772 

.00038 

.750 

173.9 

1 . 066 

.529 

71.3 

1.60 

187.50 

2171 

973.8 

26. 307 

1.2357 

.3960 

759 

•00037 

• 892 

168.9 

1.011 

.621 

83.7 

1.79 

167.18 

2123 

95 5.2 

26. 307 

1.2369 

.3945 

748 

•00037 

1.000 

168.0 

1.000 

.689 

92.9 

2.00 

150*00 

2080 

930.0 

26.30? 

1 .2380 

.3930 

738 

•00036 

1 .094 

168.6 

1.008 

. 747 

100-6 

4.00 

75.00 

1817 

836.1 

26. 30? 

1.245a 

.38 3 1 

673 

.00032 

i .398 

1 8 1 • 2 

1.28b 

1*025 

137.8 

10.00 

3 0. CO 

1512 

721.1 

26. 307 

1.2570 

• 3694 

593 

.Q0v>2B 

2.155 

199.3 

2.165 

1.265 

170-3 

2 0.00 

15.00 

1309 

647.4 

26. 307 

1.2669 

.3585 

335 

•000*4 

2 . 549 

2 11.1 

3.393 

1.596 

188.2 

20.4 1 

14.7Q 

1304 

1 64 5 « 3 

co. 3Q7 

1 .2672 

.3582 

333 

.00024 

2 .360 

2 11 .4 

3.439 

1.400 

188.7 

4 0*0 0 

7.50 

1129 

583.6 

^6.30? 

1.2777 

.3476 

4f»0 

•00021 

2 .940 4*0*7 

3.44Q 

1 • 5q2 

202.4 

100.00 

3.00 

921 

512,9 

26.30? 

1.2932 

.3332 

411 

.00018 

3.469 

231.0 

10.346 

1.610 

217.1 

200.00 

1.50 

785 : 

468.3 

26.307 

1.3061 

• 3225 

362 

•00015 

3.890 

237.3 

16.932 

1.675 

223.8 ; 

400.00 

. 75 

666 

430.4 

26.307 

1.3193 ; 

.3121 

316 

•00013 

4.338 

242 .4 

27.857 

1.729 

233.0 

iooc . 00 

. 30 

531 

389.1 

26.307 

1.3369 i 

.2998 

261 

•oooio 

4.983 

247,8 

53.783 

1.785 

C40.6 

2000.00 

.15 

445 ! 

363.6 

26. 307 

1.3495 ■ 

.2917 

224 

•00009 

5.521 

251.1 

88.429 

1.819 

245.2 

' 4000.00 

.08 

371 1 

342.4 

26.307 

i 1.3589 | 

.2860 

190 

• 00007 

6.117 

253.8 

145.294 

1.847 

246.9 


R = 5.0C0* PERCENT FUEL = 2.453, O/F =39.683 


1.00 

300*00 

2069 

855.0 

27.313 

1.2437 

0.3713 

742 | 0-00034 

0-000 



0-000 

0»0 

1.05 

285.71 

2050 

847.7 

27.313 

1.2442 

.3707 

737 

•00034 

.261 

262,4 

2 . 194 

. 20* 

25.2 

1.20 

250.00 

1996 

826,0 

27.313 

1.2436 

.3690 

724 

•00033 

.346 

178.9 

1.272 

. 394 

48.4 

1.40 

214,29 

1936 

806.0 

27.313 

1.2473 

.3670 

710 

•00033 

.747 

139.2 

1.068 

. 531 

65.3 

1.60 

187.30 

18 66 

767.4 

27.313 

1.2486 

. 3632 

69 7 

•00032 

.680 

154,5 

1.012 

.623 

76.7 

1.6 0 

166.43 

1841 

771.2 

27.313 

1.2301 

.3636 

686 

•00031 

1.000 

153.6 

1.000 

.694 

85.4 

2.00 

1 50. CO 

1803 

757.5 

27.313 

1.2314 

.3622 

677 

•00031 

1.090 

154,1 

1*007 

, 748 

92.1 

4.00 

73.00 

1566 

672.6 

27.313 

1.2596 

.3530 

614 

•00027 

1 .594 

165,3 

1.279 

1.023 

126.0 

10. CO 

30.00 

1292 

577.6 

27.313 

1.2721 

.3402 

536 

•00023 

2.154 

181,7 

2.139 

1.262 

155.4 

20.00 

15.00 

1112 

517.0 

27.313 

1.2825 

.3303 

401 

•00020 

2.353 

192,0 

3,334 

1. 393 

171.5 

2 0.41 

14.70 

1107 

515.4 

27.313 

1 .2629 

• 3300 

479 

•00020 

2.5fa4 

192.3 

3.380 

1.397 

171.9 

40. 00 

7.50 

952 

463.1 

27.313 

1 .2939 

.3*0 i 

429 

.00016 

2.950 

400. 5 

5.317 

1.496 

184.2 

100.00 ' 

3.00 , 

770 

40 7 , 9 

27.313 

1.3106 

.3070 

364 

• 000 1 9 

3.491 

*09.6 

10.036 ; 

1.603 

197.2 

200.00 ; 

1.50 

651 

372.1 

27.313 

1.3239 

.29 74 

319 

.00012 

3.923 

*15,0 

16.345 j 

1.663 

2Q5. o 

400. GO 

. 75 

34B 

341.9 

27.313 

1 .3 i ?3 

• 288 j 

477 

•oooli 

4,363 

*19.3 

26 . 69 3 

1.717 

411.3 

1000*00 

.30 

433 

30».3 1 

27.313 

1.3543 

.2760 i 42 7 

. OC 00 6 

5.0 56 

*24.2 

51.13o 

1.770 

217.9 

2C00. 00 

.15 

361 

289.4 

27.313 

1.3639 

. 2727 

193 

•00007 

3.622 

*27.0 

83.618 

1 ■ 8 q2 

2*1.6 

4000.00 

.08 

299 

272.3 

27.313 J 

1 . 3 7q2 .2693 

163 

•00006 

6.246 

*29.3 

136.832 

1.829 ; 

225.1 
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSI rNED PRESSURE RATIOS FROM 1 TO 4000 FOR 

LIQUID HYDROGEN WITH LIQUID OX fGEN 

[Equivalence ratio, R; oxidant-fuel 'atio, 0/F . ] 

(h) Combustion-chamber pressure, 600 pounds pe^ square Inch absolute; 
frozen composition during isentropic expansion 


“ 

Pressure I 
ratio. E 

l»/P | 

Static 

pressure, 

P, 

tb/iq mv 
ob% 

Temp- 

erature, 

T, 

°X 

Enthalpy, 

h. 

Molecular 

weight, 

TO 

Isentropic 

exponent, 

1 

Specific 

heot, 

C P. 

coI/i b » d k:i‘ 

VisCOS- ! 

iiy, 

A, 

micro 

poises 

Thermal 

conductivity, 

k, 

col/(»ctr* If cm] 

Mach 

M 

Specific 
impulse 
in .acuum, 
I w 

dbiiMd/ib 

Area 

ratio, 

£ 

Thrust 

coefficient, 

Cr 

Specific 

impulse, 

L 

fclfwcj/llbi 




R 

* 0.150 

, PERCENT FUEL 

» 45*65. C/F 

- 1.190 




1*00 

600.00 

1183 

5313.5 

4.416 

1.3396 

1.7753 

314 

0.00C 73 : 

o.ooo 



0.000 

0*0 

1.05 

571.43 

1166 

5287.7 , 

4.416 

1.3406 

1.7710 

311 

• 00( 73 

.271 

530-0 

2.250 

• 210 

47.4 

1.20 

500.00 

1129 

5218.6 

4.416 

1.3436 

1.7597 

303 

• 00( 7 0 

• 52 7 

334.2 

1.297 

.403 

90.0 

1.40 

426.57 

1065 

6141.8 

4.416 

1 .3469 

1 . 7472 

293 

. 00C68 

.722 

296.1 

1.061 

. 543 

122.2 

1.60 

375.00 

1049 

5077.7 

4.416 

1.3497 

1.7369 

285 

•00C66 

• 860 

286.6 

1.018 

.636 

143.2 

1.87 

321.68 

1008 

5006.8 

4.416 

1.3528 

1.7257 

276 

.00C63 

1.000 

284.1 

1.000 

.725 

163.4 

2.00 

300.00 

989 

4975.4 

4.416 

1.3540 

1.7210 

272 

.00062 

1.059 

284.4 

1.003 

.761 

171.5 

4.00 

150.00 

824 

4693.4 

4.416 

1.3651 

1.6625 

234 

•00C52 

1.566 

301.7 

1.233 

1.031 

232.3 ; 

10*00 

60.00 

643 

4392.5 

4.416 

1.3748 

1.6505 

188 

• OOC 42 

2.152 

327.5 

1.974 

1.257 

283.1 

20. 00 

30*00 

532 

4209.8 

4.416 

1.3799 

1.6344 

159 

• 00C 35 

2.586 

343.5 

2.962 

1.376 

309.9 

40.00 

15.00 

439 

4058.9 

4,416 

1 .3824 

1.6266 

133 

•00029 

3.031 

356.4 

4.620 

1.467 

330* 4 

40.83 

14.70 

437 

4054.6 

4.41b 

1.3625 

1.6266 

132 

•00C29 

3.044 

336.8 

4.662 

1.469 

330*9 

100.00 

6.00 

340 

3699.0 

4.416 

1.3062 

1.6093 

1 04 

* OOC 2 3 

3.648 

369.8 

6.432 

1.558 

350*8 

200.00 

3.00 

260 

3802.6 

4.416 

1.3926 

1.5961 

85 

• OOC 18 

4.i 4y 

377.7 

13.431 

1.610 

362.6 

400.00 

1.50 

230 

3723.2 

4.416 

1.4068 

1.5562 

70 

•00c 15 

4.675 

384*1 

21.468 

1.652 

372.0 

1000.00 

.60 

175 

3640.1 

4.416 

1.4349 

1.4847 

55 

•OOC 11 

5.436 

390.6 

39.928 

1.694 

361*6 

2000.00 

.30 

142 

3590.9 

4.416 

1 .4550 

1.4389 

45 

• 00( 09 

6.096 

394.3 

63.572 

1.719 

367.2 

4000.00 

.15 

114 

3551.2 

4.416 

1.47q5 

1.4065 

36 

•oo: o7 

6.845 

397.3 

100.936 

1.739 

391.6 




R 

* 0.200 

. PERCENT FUEL 

» 38.65. 0/F 

» 1.587 




1.00 

600*00 

' ' 

1514 

2969. 7 

5.216 

1.3079 

1.61B3 

4p2 

0«00( 84 

0*000 



0*000 

0*0 

1.05 

571.43 

1497 

2941.7 

5.216 

1.3090 

1.614Q 

399 

• OOC 6 3 

.274 

352.2 

2.233 

• 2 o9 

49.3 

1.20 

500*00 

1450 

2866.6 

5.216 

1.3120 

1.60^2 

389 

• OOC 6 1 

.533 

348.6 

1.289 

.400 

94.6 

1.40 

428.57 

1398 

2 7 d 3 . 1 

5.216 

1.3155 

1.5887 

8 78 

•OOC 78 

.730 

309.3 

1.077 

.539 

12 7.4 

1.60 

375.00 

1354 

2713.2 

5.216 

1. 31b5 

1.5772 

369 

.00076 

.869 

299.6 

1*016 

,632 

149.4 

1.85 

324.94 

1307 

2640.5 

5.216 

1.3217 

1.5651 

359 

•OOC73 

1.000 

297*3 

1.000 

.716 

169.2 

2.00 

300.00 

1282 

26G 1. 1 

5.216 

1. 3236 

1.5584 

353 

•00072 

1.066 

297.8 

1.004 

.757 

179.1 

4.00 

150*00 

1079 

2290.0 

5.216 

1.3391 

1.5046 

307 

.00061 

1.5 72 

316.7 

1.244 

1.029 

243.2 

10.00 

60.00 

852 

1954.3 

5.216 

1.3558 

1.4516 

251 

• 00( 48 

2*148 

344.7 

2.009 

1.257 

297.2 

20*00 

30.00 

709 

1748.8 

5.216 

1.3656 

1.4232 

213 

• OOC *0 

2.573 

362.0 

3.049 

1.379 

?25.9 

40.00 

15.00 

588 

1576.0 

5.216 

1.3715 

1.4066 

179 

• 00( 34 

3.010 

376.0 

4.739 

1.4 72 

348.0 

40.83 

14.70 

585 

1573.4 

5.216 

1.3716 

1.4062 

178 

•00( 34 

3.023 

376.4 

4.80*i 

1.474 

348.6 

1 100*00 

6.00 

456 

1396.3 

5.216 

1.3771 

1.39X3 

142 

»00( 26 

3.619 

390*5 

8.679 

1.565 

370*0 

! 200*00 

3.00 

379 

1266.2 

5.216 

1.3611 

1.3607 

117 

• OOt 22 

4.111 

399.1 

13.0 7c 

1.619 

36C. 7 

! 400*00 

1.50 

312 

1195.2 

5.216 

1.3861 

1.3677 

96 

• 00( 18 

4.638 

406. 1 

22.296 

1. 662 

39C.9 

1000*00 

.60 

242 

1099.0 

5.216 

1.3973 

1.3400 

74 

• OOt 13 

5.394 

413.4 

41.979 

1.706 

403.5 

2 00 0*00 

.30 

196 

1041.1 

5.216 

1.4136 

1.2977 

61 

• OOt 11 

6.014 

417.7 

67.667 

1.733 

409.7 

4000.00 

.15 

161 

993.9 

5.216 

1.4350 

1.2560 

50 

• OOt 09 

6-704 

421.1 

108.754 

1.754 

414.6 




R 

= 0.25C 

. PERCENT FUEL 

- 33-51. l/F 

= 1.984 




1.00 

600.00 

1817 

1249,3 

6.016 

1.2835 

1.4955 

481 

0*00< 92 

0*000 



o.ooo 

0*0 

1.05 

571.43 

; 1797 

1220.2 

6.016 

1.2644 

1.4917 

477 

«00< 91 

.276 

563.4 

2.219 

.207 

50.3 

1 1.20 

500.00 

1 1745 

1142.1 

6.016 

1.2670 

1.4813 

467 

. OOt 89 

.338 

356.2 

1.263 

. 398 

96.6 

1.40 

428.57 

1666 

1054.7 

6.016 

1.2900 

1.4694 

456 

• 00* ^ 

.736 

316.3 

1.073 

• 536 

130*1 i 

1.60 

375.00 

I 1636 

961.5 

6.016 

1.2426 

1,4591 

446 

« Q0< 8 3 

.876 

306.6 

1.015 

.629 

152.7 ■ 

1.63 

327.79 

1566 

909.9 

6.016 

1.2954 

1.4465 

436 

• 001 81 

1.000 

3 04.3 

1.000 

. 7q6 

171.8 ; 

, 2.00 

300.00 

1555 

B64.0 

6.016 

1.2973 

1.4415 

429 

• OOC 8 0 

1.076 

305.1 

1.005 

. 784 

183.1 | 

] 4.00 

150.00 

1322 

535.2 

6*016 

1.3125 

1.3873 

378 

• 00c 68 

1.579 

325.3 

1.256 

1.027 

249.3 I 

10.00 

60.00 

1057 

176.3 

6.016 

1.3329 

1.3225 

314 

• 001 54 

2.147 

355.3 

2.096 

1.258 

3q5 » 6 

20.00 

30.00 

667 

9954.2 

5*016 

1.3401 

1.2648 

269 

• 00< 46 

2.563 

373. 7 

3. 127 

i 1.382 

335.7 

40.00 

15.00 

740 

9768.3 

6.016 

1.3569 

1.2559 

226 

• OC: 38 

2.987 

366.6 

4.883 

1.478 

359*0 

40.63 

14.70 

736 

9763.3 

6.016 

1.3572 

1.2551 

227 

• 00* 36 

3.000 

389.0 

4.949 

1.481 

359.6 

100.00 

6. CO 

580 

9569. 3 

6.016 

1.3663 

1.2320 

181 

• OOt 30 

3.581 

4Q4.2 

8.985 

1.575 

382.3 

1 200.00 

3.00 

i 481 

9448.1 

6, Ol 6 

1.3717 

1.2191 

151 

.001 2b 

4.064 

413.4 

14.395 

1.630 

395.9 

400*00 

1.50 

! 399 

9347.6 

6.016 

1.3755 

1.2100 

124 

.001 20 

4.582 

420.9 

23.207 

1.675 

406.8 

1000*00 

.60 

i 310 

9240.9 

6.016 

1.3821 

1.1948 

95 

• OOi 15 

5.327 

426.7 

43.891 

1. 722 

. 918.0 

2000.00 

.30 

256 

9176,3 

6. 0 1 6 

1 . 3885 

1.1805 

78 

• OOt 12 

5.943 

4 J 3 . 4 

71.275 

1. 749 

424.7 

4000-00 

.15 

210 

9123.1 

6.016 

i .4Q39 

1.1482 

64 

• 00) 10 

6 . 6Q 6 

437.1 

115.642 

1.771 

; 430*1 




8 

= 0.300* percent FUEL 

= 29.57. < /F 

= 2*381 




1.00 

600*00 

! 2094 

9932.7 

6.815 

1.2647 

1.3934 

551 

0*00i 97 0*000 



0-000 

0*0 

1.05 

571.43 

2073 

9903.1 

6.815 

1.2654 

1.3904 

547 

• OOi 96 

.278 

368.6 

2.200 

.206 

50*8 

1.20 

500.00 

2015 

9823.5 

6.815 

1.2675 

1.3817 

537 

• 00' 94 

.342 

359.8 

1.278 

.396 

97.5 

1.40 

426*57 

1951 

9734,4 

6.615 

1.2701 

1.3714 

525 

• 00' 91 

.741 

319.8 

1.071 

.533 

131.4 

1.60 

375.00 

1896 

9659.5 

6.815 

1.2724 

1.3622 

515 

.00* 89 

.881 

310.2 

1.013 

.626 

154.2 

1.82 

330.09 

1845 

9589,9 

6.815 

1.2746 

1.3534 

5 0 5 

.00' 37 

1.000 

300.2 

1.000 

• Tq! 

172.7 

2.00 

i 300*00 

1807 

9539.0 

6.815 

1.2764 

1.3467 

498 

.00' 35 

1.082 

309.0 

1.006 

.751 

185. 1 

4.00 

! 150.00 

1551 

9200.2 

6.816 

1.2698 

1.2980 

444 

.00’ 74 

1.385 

330.4 

1.266 

1.025 

252.5 1 

10*00 

60*00 

1256 

8826.3 

6.813 

1.3097 

1.2332 

375 

-00 60 

2.148 

361,6 

2.084 

! 1.260 

310*3 i 

20.00 

30*00 

1062 

8592.4 

6.615 

1.3250 

1.1688 

325 

• 00’ 50 

2.355 

3B1.0 

3.205 

1.387 

34i.5 ; 

40.00 

15.00 

894 

8395.1 

b.81 3 

1.330b 

1.1829 

278 

.00 4*: 

2.969 

396.8 

5.Q55 

1.483 

365.8 1 

40.83 

14. 70 

689 

d389.6 

to . Ol 3 

1.3309 

1.1820 

877 

.00 5 2 

2 • 9 0 1 

397 .2 

| 5.104 

1.400 

, 366.4 

100.00 

6.00 

706 

8182.2 

6.815 

1.3532 

1.1173 

223 

.00 33 

3.344 

413.2 

1 9.321 

1.585 

! 390.3 

200*00 

3.00 

569 

8051.7 

6.615 

1.3605 

1.1006 

' 187 

.00’ 27 

4.014 

423.0 

! 14.986 

1.643 

404.6 

40C.OO 

1.50 

489 

7943.1 

6.815 

1.3667 

1.0868 

' 156 

.00' 23 

4.518 

431.0 

24.223 

1.689 

: 916. 1 

! looc.oo 

.60 

382 

7827.2 

6.615 

1.3725 

1.0745 

120 

.00' 17 

5.248 

439.4 

; 45.976 

1. Mb 

| 4c 8*o 

I 20OC.0C 

' .30 

316 

7756.9 

6.815 

1.3775 

1.0640 

98 

.00' 14 

5.853 

444.3 

, 74.873 

1.767 

I 435.1 

| 4000.00 

i .15 

261 

7698.7 

6.815 

1.3029 

1.0531 

80 

.00’ ii 

6.311 

448 .4 

| 122.117 

1.790 

| 44Q.9 : 


: 







. - 


L 

— 

1. 

i 

i- 



59 


TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FOR 

LIQUID HYDROGEN WITH LIQUID OXYGEN 

[Equivalence ratio, R; oxidant-fuel ratio, 0/F.] 

(h) Continued. Combustion-chamber pressure, 600 pounds per square inch absolute; 
frozen composition during isentropic expansion 


Pressure 

rotio. 

Static 

pressure. 

P, 

Temp- 

erature, 

T, 

— 

Enthalpy, 

h. 

Molecular 

weight. 

Isentropic 

exponent. 

Specific 

heat, 

Viscos- 

A, 

Thermal 

conductivity, 

Moch 

number 

Specific 
impulse 
in vocuum, 

Area 

ratio, 

Thrust 

coefficient 

Specific 

impulse, 

P c /P 

fa/iqin 

abi 

col/9 

TJl 

Y 

C P 

micro 

poises 

k, 

«!/<«•< H°*J (a* 

M 

I w 

Hbjiwo/fc 

e 

c r 





E 

= 0.350. PERCENT FUEL 

- 26.47, 0/F 

= 2.778 




1.00 

600*00 

2347 

8892.8 

7.610 

1.2500 

1.3056 

611 

0*00100 

0.000 



0.000 

0»0 

1.05 

571.43 

2324 

8863.0 

7.610 

1.2507 

1.3029 

607 

.00099 

. 2 BO 

569.9 

2.199 

.20* 

50*9 

1.20 

500-00 

2263 

8783.0 

7.610 

1.2525 

1.2955 

397 

•00097 

.345 

360*8 

1.274 

.394 

97.7 

1.4q 

426.57 

2193 

8693.3 

7.610 

1.2546 

1.2668 

583 

•00094 

.745 

320.9 

1.069 

.532 

131.7 

1.60 

375.00 

2135 

8617.9 

7.610 

1.2565 

1.2793 

575 

.00092 

• 886 

311.5 

1.012 

.624 

154.7 

1.61 

331.93 

2082 

8550*7 

7.610 

1.2582 

1.2724 

566 

•00390 

1.000 

309.6 

1.000 

• 696 

172.5 

2.00 

300.00 

2039 

8496.3 

7.610 

1.2697 

1.2665 

558 

.00069 

1.087 

310.6 

1.00 7 

,749 

185.7 

4.00 

150*00 

1763 

8152.6 

7.610 

1.2714 

1.2233 

504 

.00078 

1.590 

332.7 

1.274 

1.024 

253.8 

10.00 

60.00 

1443 

7770.0 

7.610 

1.2893 

1.1636 

4?2 

.00064 

2.150 

365.0 

2.116 

1.261 

312.6 

20.00 

30*00 

1231 

7528.4 

7.610 

1.3043 

1.1192 

379 

.00055 

2.551 

385.2 

3.276 

1.390 

344.6 

40.00 

15.00 

1044 

7322.8 

7.610 

1.3196 

1 .0763 

328 

•00046 

2.954 

401.7 

5. 180 

1.491 

369*6 

40.63 

14.70 

1039 

7317.2 

7.610 

1.3200 

1.0^72 

326 

*00046 

2.966 

402.1 

5.252 

1.494 

370.3 

100.00 

6.00 

832 

7099.0 

7.610 

1.3371 

1 * 0358 

266 

.00036 

3.313 

419.0 

9.659 

1.594 

395.1 

200-00 

3*00 

697 

6960.9 

7.610 

1.3480 

1.0U3 

224 

•00030 

3.967 

429.3 

15.596 

1.654 

4 10*0 

400*00 

1.60 

582 

6845.4 

7.610 

1.3558 

.9950 

167 

.00025 

4.437 

437.8 

25.296 

1.703 

422. 1 

1000.00 

.60 

457 

6721.6 

7.610 

1.3638 

.9790 

147 

•00019 

5.166 

446.6 

48.178 

1.754 

434.6 

2000. 0C 

.30 

379 

6646. 1 

7.610 

1 • 3686 

.9693 

120 

.00016 

5.756 

451.9 

78.663 

1.784 

442. 1 

4000.00 

• 15 

314 

6583.5 

7.610 

1.3738 

.9597 

97 

.00013 

6.399 

456.2 

128.622 

1.809 

448.3 




R 

= 0.400 

♦ percent FUEL 

= 23*95, O/F 

■ 3.175 




1.00 

600*00 

2574 

8050.5 

6.396 

1.2386 

1.2292 

663 

659 

o-ooioi 

0*000 



0*000 

0*0 

1.06 

571.43 

2550 

8020* 9 

8.596 

1.2390 

1.2271 

•ooioo 

.281 

568.3 

2.191 

.20* 

50.7 

1.20 

500.00 

2485 

7941.4 

8.396 

1.2405 

1.2210 

649 

.00098 

.347 

360.0 

1.271 

.393 

97.5 

1.40 

426.57 

2412 

7852.0 

8.396 

1.2423 

1.2137 

636 

•00096 

.748 

320 ■ 4 

1.067 

.530 

131.4 

1.60 

376.00 

2350 

7776.8 

8.396 

1.2439 

1.2071 

627 

.00094 

.690 

311.1 

1*012 

.622 

154.3 

1.60 

333.36 

2296 

7712.1 

8.396 

1.2454 

1.2012 

616 

•00093 

1.000 

309.4 

1.000 

.692 

171.6 

2.00 

300.00 

2249 

7655.4 

8.396 

1.2468 

1.1938 

610 

•00091 

1.091 

310.3 

1.0O7 

. 748 

165.4 

4.00 

150-00 

1956 

7310.9 

6.396 

1.2566 

1.1592 

557 

.00061 

1.895 

333.1 

1.261 

1.023 

233 * 7 

10.00 

60.00 

1615 

6924.5 

8.396 

1.2724 

1.1037 

484 

.00068 

2.152 

366.2 

2.143 

1.262 

313.0 

20-00 

30.00 

1388 

6678.4 

8.396 

1.2863 

1.063* 

429 

•00056 

2.348 

386.9 

3,336 

1.393 

345.5 

40.00 

15.00 

1186 

6467.6 

8.396 

1.3013 

1.0222 

375 

.00049 

2.944 

404,0 

5.310 

1.497 

371.1 

40.83 

14.70 

1181 

6461.8 

8.396 

1.3018 

1.0211 

374 

.00049 

2.955 

404 • 5 

5.364 

1.499 

371.8 

100.00 

6.00 

954 

6236. 1 

8.396 

1.3208 

.9745 

308 

•00039 

3.487 

422.1 

9.975 

1.602 

39 7.3 

200.00 

3.00 

804 

6092.2 

8.396 

1.3337 

.9460 

261 

.00032 

3.927 

432.9 

16.185 

1.665 

412.8 

400.00 

1.50 

675 

5971.1 

8.396 

1.3443 

.9241 

220 

•00027 

4 . 4o 1 

441.7 

26.355 

1.715 

425.4 

1000*00 

.60 

532 

5840.7 

8.396 

1.3551 

.9033 

173 

•00021 

5.088 

451.0 

50.40& 

1.766 

438.5 

2000.00 

.30 : 

443 

5760.9 

8.396 

1.3607 

.8928 

143 

•00017 

5.663 

456.6 

82.493 

1.800 

446.3 

4000.00 

.15 | 

369 

5694.5 

8.396 

1.3661 

.8633 

117 

•00314 

6.268 

461.2 

135.208 

1.626 

432.8 




R 

= 0.450 

, PERCENT FUEL 

= 21.67, O/F 

* 3.571 




1.00 

600*00 

2773 

7354.5 

9.167 

1.2292 

1.1624 

7 P 7 

0*00101 

0*000 



0*000 

0*0 

1.05 

571.43 

2748 

7325.3 

9.167 

1.2297 

1.1604 

704 

.ooioi 

.282 

564.6 

2,186 

.20* 

50*4 

1.20 

500.00 

2680 1 

7246.7 

9. 167 

1.2311 

1.1550 

694 

.00099 

,549 

357.9 

1 .268 

.392 : 

96.6 

1.40 

428.57 

2604 

7158.4 

9.167 

1.2326 

1.1487 

682 

.00097 

.731 

318.6 

1.066 

.529 

130*6 

1.60 

375.00 

2339 

70B4.Q ; 

9. 167 

1.2339 

1.1433 

672 

.00095 

.893 

309.5 

1.01 1 

.621 

153.4 

1.79 

334.56 

24B4 

7021.9 

9. 167 

1.2352 

1.1386 

663 

.00094 

1.000 

307.8 

1.000 

.689 i 

170* 1 

2.00 

300.00 

2433 

6963.8 

1 9.167 

1.2364 

1.1338 

655 

*00092 

1.095 

308.8 

1.006 

. 746 

184.4 

4.00 

150-00 | 

2127 

6621.6 

j 9.167 

1.2430 

1.1016 

6 o2 

.00083 

1.596 

332.0 

1.28b 

1*022 \ 

252.5 

10-00 

6o.oo ; 

1769 

6235.4 . 

9.167 

1.2689 

1.0541 

329 

•00070 

2.153 

365.5 

2.165 

1.263 

312*0 

20.00 

30.00 : 

1530 

3987.8 

| 9.167 

l . 2 7 1 3 

1.0157 

474 

*00061 

2.346 

366.7 

3.369 

1.396 

344.8 

40.00 

15.00 ; 

1316 ! 

5774.3 | 

| 9.167 

1.2835 

.9761 

416 

*00052 

2.9 36 

404.3 

5.420 

1 . 5o 1 

370.6 

40.63 

14.70 I 

1310 

3768,5 

9.167 

1.2839 

.9750 

417 

•00052 

2.947 

404,7 

5.497 

1 . 5q4 

371.5 

100.00 

6.00 

1068 : 

5538.2 

9.167 

1.3053 

.9267 

348 

•00042 

3.467 

422.9 

10*256 

1*609 

397.5 

200.00 

3.00 

905 : 

5390.3 

9.167 

1.3195 

.8952 

298 

•00035 

3.895 

434.1 

16.723 

1.674 

413.4 

400.00 

1*50 

763 1 

5265.1 | 

9.167 

1.3322 

.8693 

252 

•00029 

4.353 

443.3 

27.347 

1.726 

426.4 

1000.00 

• 60 < 

605 ! 

5129.7 

9.167 

1.3452 

.8448 

199 

.000 22 

5.021 

453.0 

52.536 

1. 781 

440*0 

2000.00 

.30 i 

506 1 

5046.4 

9.167 

1.3533 

.8303 

165 

.00018 

5.577 

458.8 

86,213 

1.814 

448.1 

4000.00 

.15 

422 ; 

4976.9 ; 

j 9. 167 

1.3569 

• 8207 

136 

.00015 

6.187 

46 3.6 

141.612 

1.841 

454. B 




R 

= 0.500 

. PERCENT FUEL 

* 20.12, O/F 

• 3*968 




1. 00 

600*00 

2944 

6769.6 ^ 

9.919 

1.2218 

1.1037 

745 

o-ooioi 

0*000 



i 0*000 

0*0 

1.05 

571.43 

2918 

6741.0 

9.919 

1.2222 

l. 1020 

741 

•ooioo 

.283 

559.4 

2.181 

.20*] 

49.9 

1,20 

500*00 

2848 

6663,8 

9.919 

1.2234 

1.0971 

731 

.00099 

.351 

354.7 

1.266 

.391 

95.9 

1.40 

428.67 

2769 

6577.1 

9.919 

1.2248 

1.0914 

720 

•00097 

.733 

315.9 

1.065 

! .528 j 

129.4 

1.60 

375.00 

2702 

6503.9 

9.919 

1.2261 

1.0865 

710 

.00095 

.895 

306.9 

1*011 

• 620 

152.0 

1.79 

335.48 

2647 

6444.3 

9.919 

1.2272 

1.0823 

701 

.00093 

1.000 

305.4 

1.000 

.686 

166.3 

2.00 

300.00 

2592 

63B5.6 

9.919 

1.2262 

1.0781 

693 

.00092 

1.097 

306.4 

1.006 

.745 

182.6 

4.00 

150.00 

2275 

6048 .0 

9.919 

1.2358 

1.0500 

640 

.00003 

1.601 

329.7 

1.291 

1.022 

250*6 

10*00 

60.00 

1904 

5665.2 

9.919 

1.2480 

1.0081 

568 

•00072 

2.154 

363.5 

2,183 

1 1.264 

310*0 

20.00 

30.00 

1655 

5418,4 

9.919 

1.2593 

.9730 

513 

•00063 

2.544 

385.0 

3.431 

! 1.398 

342.9 j 

40.00 

15.00 

1431 

5204.5 

9.919 

1.2724 

.9359 

457 

-00354 

2.930 

402.8 

5.512 

: 1.5q5 

369.0 3 

40.63 

14.7o 

1424 

5198.6 

9.919 

1.2728 

,9348 

453 

• 00054 

2.941 

4q3 • 3 

5. 591 

1.5o8 

369.7 i 

100.00 

6.00 

1170 

4966,4 

9.919 

1.2916 

.8675 

383 

.0004* 

3.452 

421.9 

10.495 

i 1.615 

396.1 

200.00 

3.00 

997 

4816.2 

9.919 

1.3Q65 

.8339 

331 

•00037 

3.669 

433.4 

17.193 

1.661 

412.3 

400.00 ' 

1.50 

845 

4686.5 

9.yi9 

1.3202 

.8260 

262 

*00030 

4.315 

44^.9 

28.235 

1.735 

425.3 

1000.00 

.60 

674 

4549.6 

9.919 

1.3357 

.7971 

225 

•00024 

4.962 

452.9 

54.491 

1.792 

439.5 

2000.00 

*30 

i 565 

4463.8 

9.919 

1.3449 

.7812 

187 

.00019 

5.504 

458.9 

89.675 

1.827 

447.9 

4000.00 

.15 

472 

4391.9 

9.919 | 1.3524 

• 7666 

155 

.00016 

6.096 

463.9 

147.626 

1.853 

434.9 : 
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TABLE II. - Continued. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FOR 

LIQUID HYDROGEN WITH LIQUID CKYGEN 

[Equivalence ratio, R; oxidant-fuel ratio, O/F.J 

(h) Continued. Combustion-chamber pressure, 600 pounds per square Inch absolute; 
frozen composition during isentropi: expansion 


Pressure 

ratio. 

Static 

pressure, 

P, 



Temp- 

erature, 

I, 

Enlhalpy 

K, 

Molecular 

Isentropic 

exponent, 

Specific 

heat. 

Viscos- | 

jt Tnerm< 1 

^ \ conduct) ity , 

Mach 

number 

Specific 
impulse 
in vacuum, 

Area 

ratio. 

Thrust 

coefficient. 

Specific 

impulse 

I. 

P c /? 


? 

TO 

Y 

Cp ' 

micro 

M 

I. g( 

£ 

C, 


0^>» 






poises 


l /lb 








= 0.600 

, PEKCt 

NT FULL 

= 17.33. C/F 

= *.76 





l.OC 

600. OC 

3206 

56*1.6 

11.3*7 

1.2112 

1.00** 

0Q3 O.OOC 78 

0.000 



0.000 

0*0 

1.05 

571. *3 

316Q 

50 1*. 3 

11.3*7 

1.2113 

1.0051 

600 . OOC 7b 

• 26* 

3*6.0 

2,173 

» 2 C 3 

* 6 • / 

1.20 

500.00 

3107 

57*0.3 

11.3*7 

1.2123 

, y 99* 

790, * 0 00 76 

.33 3 

3*6 .* 

i • £b 3 

.390 

93.7 

l.*0 

*26.57 

302* 

5650.1 

11.3*7 

1 .2136 

.9950 

776 ; .0009* 

.736 

306 . / 

1*063 

.326 

126. * 

1.60 

375.00 

296* 

556 6*2 

ii.3*7 

1.21*6 

.99 10 

766 . 000 7 3 

• 698 

300.0 

i.OiO 

. biV 

'*8.3 

1.7b 

336.4)1 

2 89 8 

5533. i 

11. 5*7 

1.2153 

.96/7 

7 6 0 i *00C*2 

i * OOC 

296.0 

i.UOO 

.662 

i6J«b 

2. GO 

3 0 n . 0 0 

2 0 5V 

5*73.0 

11.3*7 

1.2 163 

.96*1 

7 3t i .OCC^O 

i ■ io 1 

299.7 

1.009 

. /** 

1/6.6 

4.QC 

150-00 

2 5-:o 

3150.9 

11.5*7 

1.222 7 

.9616 

700, • CCC J 8- 

i.60* 

523.0 

1 .296 

1 .02 i 

2*3. 1 

iQ.OQ 

60.00 

2113 

* 7 8 0.9 

11.3*7 

1.2326 

.927* 

629 . OCC 72 

2.136 

5 3 0 . 6 

2.209 

1.263 

3Q3.6 

20. CO 

30.00 

165 i 

*5*0.5 

11.3*7 

1 .2*22 

. 6vo2 

5/* .QQC5* 

2.3*2 

3?ti.* 

3 .*92 

1 . *0 1 

3 56*3 

*0.00 

15.00 

1613 

*330.* 

11.3*7 

1.2352 

, 66bc 

31d . 00C Jb 

2.922 

396,3 

3 .6*6 

1.510 

362.6 

*0.83 

1 * ■ 7 0 

1607 

*32*. 7 

11.3*7 

1 .2 3 36 

.6630 

3 to i . 00C >6 

2.933 

397, 0 

5.730 

1.313 

36 5.3 

100.QC 

6-00 

133* 

*0V*«* 

11.3*7 

1.2 7 0 3 

• B 2 2* 

** J ! . 00C »6 

3.431 

* 1 to . 0 

10*839 

1 .62* 

3 0 9.9 

2CC.CC 

3 • OC 

1 l*b 

3y**.o 

11.3*7 

1.2051 

.7693 

3 b 7 : . 0 oc 3 9 

5 • to 3 3 

*27.9 

17.923 

1.092 

*06.3 

*00. CC 

1.50 

vb i 

3615.0 

11.3*7 

1 .2999 

. 7590 

35*- * 0 OC 13 

*.260 

*37.7 

29.63* 

1 • /*9 

*19.9 

lOQO.QC 

.60 

790 

3673.* 

11.3*7 

1 • 3 lo 1 

* 7 2 3 C 

270 » 0 OC i 5 

*.676 

**0 • 2 

57.72b 

i. 0C9 

* 3* * * 

2000. 00 

• 30 

667 

3566,1 

11. 3*7 

1.3299 

* 7060 

227 • 00C i 1 

3.391 

* 3* . 6 

93.310 

1 • 6*6 

** 3 • 1 

*000.00 

.15 

560 

35 1C*8 

11.3*7 

i .339 7 

.6906 

i 69 • OOC 1 7 

3.933 

*39.0 

1 3 /. 932 

1.0/6 

*3 0-5 




H 

= 0.700 

. P'-.ktt 

i-.i full 

= 15.23. U/F 

= 5. 35t 





1.00 

600*00 

336 1 

3136.3 

12.66* 

1.20** 

0.92*6 

o*6 O-OO095 

0.000 



0.000 

0*0 

1.05 

5 71. *3 

3363 

5112.5 

i 2 . 6 b* 

1 .20*7 

.923* 

6*2 .00^7* 

,263 

330.7 

2.1/1 

• 203 

* /.* 

1.20 

5:0*00 

3276 

50*3.0 

12.66* 

1.20-6 

.>201 

632 • 0 OC 7 3 

.33* 

5 36.0 

1.262 

. 369 

91*0 

I.*0 

*26.57 

3192 

*96*. 6 

12.66* 

1.2066 

.916* 

620 -OCC 71 

• 1 

3UG * 2 

1 .062 

.323 

122.9 

1.60 

3 75. OC 

3120 

*696.7 

12.66* 

1 • 2 0 / 3 

.9 152 

BiO .OCC 70 

• 900 

29 1 .9 

1.009 

• bio 

1** • * 

1 . U 

3 3 7.6 / 

3C6* 

4 b 4 7 • d 

12.66* 

1.2002 

. 9iQ6 

802 .00159 

i.ooo 

2 9 0 « 6 

1.000 

.66 0 

13 9.0 

2 • 0 C' 

3 OC • OC 

3002 

* 7 91.5 

i 2 . 6 6* 

1.2090 

.90/6 

793 .OC: ib 

i . Ic3 

291.7 

1.009 

.7*3 

1 73. 7 

! * ■ o c 

15C.0C 

266C 

**63.9 

1 i • t b * 

1 « 2 1 * 6 

• 6 6 o 2 

/*«- OOC 50 

1.6C 7 

31* . 7 

i • i c 2 

1.02 l 

2Jb.b 

10. oc 

6 0*00 

225/ 

*131.1 

1 2. 6b* 

l » <d £ 5 $ 

• n y j 

a/2 .OCC 71 

2.15/ 

3*0.1 

2.22b 

1 . 2 b to 

2 9 6.0 

20* DC 

30. OC 

.965 

3 V 00 • 7 

12.66* 

1.231* 

ib 

GO, »0OC 5* 

2.3*1 

« *4 

3.33 2 

1. *0* 

320*2 

*o.oc 

15.00 

i 73 e 

5 6 9 0 * * 

12.66* 

1.2*13 

. 30 71 

8 to 1 i • OOC 5 6 

2 . 9 io 

30 7.3 

3. / 3 7 

i# 3 .* 

33*. 0 

* 0 . 8 '3 

1*. 70 

i 732 

3692.6 

12.66* 

1.2*16 

1 0 0 O 3 

339 | .OOC >6 

2.92/ 

300. G- 

3.021 

1.317 

33*. 6 

. 100.0C 

6.0C 

i**8 

3*6 V . U 

12.66* 

1.2360 

. 76 7 v 

*66 1 . OOC ♦ 7 

:> •*+ i a 

*C 7 . o 

11 • loo 

1 . 630 

3 B i • G 

: 200. 00 

3 • OC 

1253 

3323.0 

12.66* 

1.2 70* 

.73/2 

*29 1 .OOC to 

3.612 

419.0 

IB. *16 

1. 7 OC 

39 7 . * 

‘ *00.00 

1.50 

i 0?ti 

319b.* 

12.66* 

1.263-1 

.70/3 

373 - , OOC >* 

* • 2 2 b 

*29.0 

30-633 

1, / 3 6 

*ii. 1 

1000.00 

.60 

875 

30 5 b • j 

12 .66* 

1.30*3 

• 6 7 2 6 

= 0= * 0 oc -f 

*, 6*2 

*39.7 

60.039 

1.620 

*23.6 

20C0.0C 

• 30 

7*2 

2966.5 

. 12.66* 

. 1.31/7 

. b 3 0 6 

236 ,00C i2 

; 3,317 

**b« 2 

9 9.76,5 

1.836 

* 34.5 

*000.00 

.15 

627 

269*. 2 

1 c . 66* 

1.3291 

.6537 

217 .OOC 18 

3 « b 6 C 

*3 1.6 

1 b3 . 6* 7 

: 1.690 

**i .9 




R 

: - 0.900 
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.'■IT FULL 

= 13-60. L'F 

- b . 3 *S 





l.OC 

600*00 

3*3 i 

*586. V 

1 13.659 

1.200* 

0.6391 

073 O»00C 71 

, C-000 



0*000 

0*0 

1.05 

i 371.43 

3*53 

*562.6 

' 13.659 

1.2006 

. B3B0 

072 . OOC '0 

.2 66 

5 1 * • 6 

2.166 

.202 

*3.9 

1. 2C 

500*00 

33 7b 

** 9 7 « 2 

13.659 

1.201* 

,8352 

06 1 , .OOC 59 

.333 

32b ■ 0 

1.26-0 

. 369 

68.3 

i.*C 

*26.5 / 

32 90 

**2 5.6 

1 3.63 y 

L.2Q2* 

.6319 

6*9 .OOC 56 

. / 39 

291.* 

1.062 

. 323 - 

119.2 

j i.6: 

376. OC 

3217 

*261.3 

13.659 

' 1.2032 

.6*90 

639 i .OOC J 6 

.902 

£03.8 

l . 009 

.617; 

1*0-1 

1.77 

336.1V 

3161 

*31*. 0 

13.859 

1.2039 

. 6 * 6 c 

831 , .OOC >3 

1.000 

£02.1 

1.000 

*6/9 

13*. 1 

, 2 .OC 

3GC.0C 

3096 

*26C« 3 

13.859 

; 1.20*6 

.6**2 

62 2 ! .OOC i* 

l.lo* 

£ 6 3 . 2 
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. 7*2 

168.6 

*.0C 

1 50. OC 

2750 

3969.9 

13.659 

1.2097 

« o 2 / 3 

770 ; .OOC 76 

1.60B 

305 . 7 

! 1 . 3 o * 

■ 1.020 

2 3 i • 7 

i 10. OC 

j 60.00 

23*1 

3636.1 

13.639 

: 1.2177 

.602 1 

7 OC ■ .OOC >9 

2.157 

336 .* 

2*236 

1.267 

28 7.6 

20. OC 

3 0 * 0 C 

2065 

3*17.* 

13.659 

; 1.2231 

• 7603 

6*6 .OOC 52 

2 . 3 * c 

359.* 

3.536 

| 1 .*0^ 

319.0 

*c.oc 

15. OC 

' .el* 

322*. ti 

13. 059 

| 1.23*2 

. / 3 5 / 

5 90 .OOC >5 

2.913 

5 7 7.1 

3. 791 

i 1. 3 io 

3** • 3 

! 4 Q • e 3 

1*. 7c 

j loq 7 

3 2 1 V , 5 

i3. 359 

1 ,23*3 

• 7 5 * 9 

i 3oc . C-OC > = 

2.92* 

3 7 7,0 

3 . 8 / b 

! i * iiv ; 

J**. 9 

IOC. OC 

6.00 

: .516 

. 3006.* 

1 3 . o 3 V 

i . 2 '-< to 3 

• 7203 

51* : .OOC tb 

3.^10 

596. *■ 

11.2*7 

! 1.033 ' 

3 /o*b 

20C. OC 

J.OC 

; 131V 

2605.5 

13.839 

. 1.2613 

. b 9 i a 

*= / *oc: *o 

3.799 

-08* * 

16.72* 

j 1.70“ 

30 7. o 

* : 0 « 0 c 

1.50 

: iijv 

2 7*3.0 

15.85V 

■ 1.2/ >6 

.66 JO 

*o- : • oc c t*. 

* . 2 rj 7 

*10.2 

31,251 

; 1.76* 

*00*5 

1000-00 

. 6C 

V2V 

2 1 0 * « 3 

13.659 

: 1.2931 

.629* 

530 : OOC - 7 

*. 769 

*26.9 

to 1 . 32* 

i 1.627 

*13.0 

2000. OC 

* 3C 

? 9 i 

25 2 2. 7 

13.539 

i 1.809i 

.607-5 

| 26i j .ooc ;2 

3.2 72 

*35.3 

102.379 

I 1. 8bb ' 

*23.6 

*oco. oc 

.1: 

; 6 7c 

2* 5 C • 2 

i 5 . 8 5 9 

1.3216 

• 3 395 

| 23 7; .oc: 16 

8. del 

** 0 • 9 

1 7 0 • 76* 
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*31.2 
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l.OC 
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l*.vio 
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696 0*000 17 

0*000 
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0*0 
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1. 1 963 
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1.2: 

=*C.GC 
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1 * • V 3 0 

i . i 9 V £ 
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obi i -OOC »’J 
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.7903 
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. 739 

£02,6 
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.323 - 
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1.6: 

-75.00 

520 1 
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.*. ViO 
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. 7986 

039 ; . OOC J 8 
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1.00 5 
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5636.6 
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6 31 • OOC 12 
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1 *000 

.6/6 
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. 7*2 

10 3.3 
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i . oQ9 
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i .2 .*3 

. 7 3 5 3 
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- 1.2216 
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13. o; 

16 31 
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. 7 109 
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i * 2 8 06 
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006 . CCC J ; 

£ . 9 £ £ 

566.0 

s.vot 

i. 320 
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6.00 

155 3 

1 2651.* 

i * • 9 3 Q 

; 1 . 2 * ■'» i 

.6 fe* 

532 , .OOC ♦ = 

8. *06 
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11.326 

i .0 33 

3 GO. 8 
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5.00 

; 35< 

1 2517.6 

1 * . V 3 0 
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.681 9 
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i. f-c 7 
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^ 5 7 
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i i * • v J C 

• i.CO-r, 


5*7 .OOC - 6 

7 /* 

! *17.2 

i 02 . 3 39 

i. . 6 3 . 

* 0 5 . ■ 

4.Ci o.oc 

* 3 0 
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I 21 VC. 3 

i*.»2-C 

- . 30 3 9 

. i i A 

2 9 ( . OOC - 2 

3.2*6 

: *23.7 

j 1C* * * 7i- 

..6 7- 

* . . . 


. 1 5 
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j 2120.6 
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* . 5. 6 9 
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. * 2 > . 0 
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TABLE II. - Concluded. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FOR 

LIQUID HYDROGEN WITH LIQUID OXYGEN 

[Equivalence ratio, R; oxidant-fuel ratio, O/F.] 

(h) Continued. Combustion-chamber pressure, 600 pounds per square inch absolute; 
frozen composition during isentropic expansion 


Pressure 

ratio, 


Static 

pressure, 

P, 

Ib/iq in 


Temp- 

erature, 

T, 


Entholpy, 

h. 


Molecular Isentropic j 
weight, exponent, ■ 


Specific 

heal. 


Vi sco s- 

if y, 

Mi 

micro 

poises 


Thermal 

conductivity, 

k, 

cal/iixiC'Kiian: 


Mach 

number 


Specific 
impulse 
in vacuum. 


Area 

ratio, 


Thrust | Specific 
coefficient, impulse, 

Cr I i 

F ilbi-wti/ilbi 


1.00 ! 
1.05 
1.20 
1.^0 
1.60 
1.77 
2 . 00 
4. 00 , 


10.00 
CC.OO 
• 0C 
4 0.8 3 

1C 0.00 
200.00 
400.00 

1003,00 
200C. 00 
4Q0O. CO 


1.00 

1.05 

1.20 

1.40 

I. frO 
1 . 77 : 
2.00 ' 

00 | 

I 40.00 

40. ej ; 

| IOC. 00 

I 200.00 

400.00 

1000.00 
| 2000.CC 
4C0C.CC ; 


1.00 
1 . 05 
1.20 



K = 1.000. PERCENT FULL = 


600*00 i 
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3777.9 ! 
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1.19 72 

0.7592 

571.43 

35Q6 | 

3756.4 

13.60 6 
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5U0.CC 

3429 1 

3696.5 

1 5 • a 6 fc j 

1.1902 

. 7560 
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3342 ! 

363 3. 2 
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.7533 

375.00 
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TABLE II. - Concluded. THEORETICAL ROCKET PERFORMANCE AT ASSIGNED PRESSURE RATIOS FROM 1 TO 4000 FOR 

LIQUID HYDROGEN WITH LIQUID OXYGEN 

[Equivalence ratio, R; oxidant-fuel ritio, O/F.J 

(h) Concluded. Combustion-chamber pressure, 600 pounds per square inch absolute; 
frozen composition during isentropic expansion 
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TABLE III. - THERMODYNAMIC DERIVATIVES AT ASSIGNED PRESSURE RATIOS 

FOR LIQUID HYDROGEN WITH LIQUID OXYGEN 

[Equilibrium composition during isentropic expansion. Equivalence 
ratio, R; oxidant-fuel ratio, O/F.] 

(a) Combustion-chamber pressure, 60 pounds per square inch absolute 
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TABLE III. - Continued. THERMODYNAMIC DERIVATIVES AT ASSIGNED PRES 

SURE RATIOS FOR LIQUID HYDROGEN WITH LIQUID OXYGEN 

[Equilibrium composition during isentropic expansion. Equivalence 
ratio, R; oxidant-fuel ratio, O/F.] 

(a) Continued. Combustion-chamber pressure, 60 pounds per 
square inch absolute 
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TABLE III 


Continued. THERMODYNAMIC DERIVATIVES AT ASSIGNED PRES 


SORE RATIOS FOR LIQUID HYDROGEN WITH LIQUID OXYGEN 

[Equilibrium composition during isentropic expansion. Equivalence 
ratio, R; oxidant-fuel ratio, O/F .] 

(a) Continued. Combustion-chamber pressure, GO pounds per 
square inch absolute 
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4.762 



1*00 

3015 

0.0304 





2.5641 

0.02196 

-0.4374 

1.05 

3001 

.0300 

2.131 

0*0026 

47.7 

0*0103 

2.5343 

.02139 

- .4270 

1.2C 

2961 

• 0288 

1.244 

• 0020 

9 1 .9 

.0106 

2*4522 

.01965 

- .4019 

1.40 

2914 

.0274 

1.054 

. 0C 1 2 

124.2 

.0103 

2.3566 

.01813 

- .3722 

1 .60 

2974 

• 0262 

i • 006 

• 0005 

146.2 

.0101 

2.2736 

.01660 

- .3469 

1.74 

2049 

• 0254 

i.000 

• oooo 

158*0 

• 0100 

2.2225 

.01582 

- .3315 

2.00 

2807 

.0240 

1.014 

-• 000e 

176.3 

• 009 7 

2.1350 

.01439 

- .3055 

4.00 

2595 

.0165 

i. 339 

-.0032 

244.1 

.0085 

1.7214 

.00832 

- .1889 

4.08 

2588 

.0162 

1.354 

-.0054 

246.7 

.0084 

1.7099 

. 00816 

- .1858 

10*00 

2299 

*0053 

2. 346 

-•0120 

302*5 

• 0067 

1.2736 

• 0 03 0 1 

- .0756 

20.00 

2063 

-.0021 

3.762 

-•0165 

340*6 

• 0054 

1.0527 

*00101 

- .0278 

40.00 

1025 

-.0064 

6.136 

- * 0 16 9 

368.8 

• 0042 

.9310 

.00024 

- .0074 

100*00 

1529 

-•0084 

11*865 

-•0195 

398.6 

• 0030 

.8551 

•00002 

- *000? 

200.00 

1326 

-.0069 

19. 729 

-•0193 

416.6 

*0024 

.8176 

*00000 

- *0001 

400*00 

1144 

-.0093 

32.844 

-•0192 

431 .6 

• 0019 

. 7842 

•00000 

.0000 

1000*00 

932 

-.0098 

64.475 

-.0193 

44?. 7 

*0015 

.7449 

•00000 

• 0000 

2000.00 

792 

-.0101 

107.316 

-.0193 

457.5 

• 0012 

• 72 0 1 

•00000 

• 0000 

4000*00 

670 

-.0104 

178.419 

-.Ql94 

4 6 5.6 

-ooio 

; *7ooi 

•ooooo 

• 0000 


K = C.7Q« PERCENT FUEL = 15.25t O/F = 5*556 











1.00 

3128 

0*0362 





3. 1609 

0 .03650 

-0.7110 

1.05 

3114 

.0358 

2.122 

0*0020 

46*1 

0*0 126 

3. 1356 

•03584 

- . 7o 1 1 : 

1.20 

3078 

.0349 

1.240 

.0015 

68.9 

.0123 

3.0&46 

.03406 

- .6738' 

1.40 

3037 

.0339 

1.051 

• 0009 

120*2 

• 0123 

2.9 793 

.03201 

- .6417 

1.60 

3001 

.0329 

1.005 

• 0003 

141.5 

• 0121 

2.9028 

.03026 

- .6135 

1.73 

2981 

.0324 

1.000 

• 0000 

152.2 

.0120 

2*0501 

.02927 

- .5973 

2.00 

2943 

• 0313 

1*015 

-.0006 

170*0 

• 0118 

2.769b 

.02730 

- .5657 

4.00 

2761 

.0255 

1.353 

-•0040 

237.0 

• 0 1 00 

2 . 3262 

.01894 

- .4152 

4.00 

2756 

.0254 

1.369 

-.0041 

236.6 

.0103 

2.3126 

.01870 

- .4100 

10*00 

2517 

.0160 

2.414 

-•0099 

297.8 

.0094 

1.7290 

•00970 

- .2309 

20*00 

2 320 

.0071 

3.943 

-.0155 

333.0 

.0082 

1.3390 

• 004 7 8 

- .1210 

40.00 

2108 

-.0021 

6.551 

-.0215 

362.1 

.0069 

1.0559 

.00183 

- .0505 

100*00 

1813 

-.0103 

12.932 

-.0265 

391.3 

• 0053 

.0583 

•00031 

- .0098 

200*00 

1596 

-*0127 

21.699 

-.0276 

412.5 

.0042 

. 7942 

.00005 

- .0019 

400.00 

1395 

-.0137 

36.494 

-.0277 

420.6 

.0034 

.7553 

•oooci 

- .0002 

1000.00 

1156 

-.0146 

72.660 

-.0277 

446.0 

• 0026 

.7136 

•ooooo 

.0000 

2000*00 

996 

-.0152 

122.229 

-.0279 

456.6 

• 002 2 

• 6648 

•ooooo 

• oooo 

4000.00 

853 

-.0150 

2Q6.234 

-•028 1 

465.9 

.0018 

.6596 

•ooooo 

• oooo 



R = 0*80* PERCENT FUEL 

= 13.60 * O/F 

6.349 



1*00 

3188 

0*0395 





3.6135 

0.05035 

-0*9676 

1.05 

3175 

.0392 

2.117 

0*0016 

44.6 

0.0136 

3.5978 

.04974 

- .9597 

1.20 

3141 

.0385 

1 « 2 3B 

• 0012 

86.0 

.0133 

3.552? 

.04008 

- .9377 

1.40 

3103 

.0377 

1*050 

• 0007 

116.3 

.0133 

3.4973 

.04616 

- .9115 

1.60 

3070 

.0370 

1*005 

*0002 

137.0 

• 0132 

3.4461 

•04449 

- .8080 

1.72 

3052 

.0366 

1.000 

• oooo 

147.0 

.0131 

3.4169 

• 04357 

- .0740 

2.00 

3018 

.0358 

1.016 

-•0005 

165.3 

.0130 

3.3544 

.04169 

- .8472 

4.00 

2853 

.0317 

1.361 

-•0030 

229.7 

.0122 

3.0181 

•03300 

- .7089 

4.08 

2848 

.0316 

1.376 

-•0030 

231.2 

• 0122 

3.0070 

.03275 

- * 7Q46 

10*00 

2645 

.0252 

2.453 

-•0069 

209.2 

• 0U2 

2.461 1 

■ 0 2 1 7 0 

- .5040 

20*00 

2487 

.0188 

4.060 

-•OHO 

324.1 

• oio^ 

1.9010 

.01399 

- .3434 

40.00 

2321 

*0 102 

6.873 

-.0166 

333.4 

• 0093 

1 .3004 

.00757 

- .1977 

100.00 

2074 

-.0038 

13.944 

-.0261 

303.3 

.0070 

1.0340 

j .00229 

- .065b 

200*00 

1868 ; 

-.0125 

23.705 

-.0319 

403.7 

• 0065 

.0417 

•00065 

- .020i' 

400.00 

1658 

-.0170 

40*4 75 

-.0345 

422.9 

.0054 

. 7527 

•00013 

- .0044 

1000. 00 

1398 

-.0191 

01.660 

-.0353 

44 1.0 

.0042 

.6975 

• 00001 

, - .0004 

2000*00 

1220 

-.0201 

13B.794 

-.0355 

453.6 

• 00 3 5 

.6676 

•OOOOO 

• 0000. 

4000*00 

1050 

-.0210 

235.555 

-•0350 

463.7 

•0029 

.6395 

•ooooo 

• 0000 



R = 0. 

90* PERCENT FUEL 

= 12.20. O/F 

= 7.143 



1.00 

3213 

0.0410 





3.7580 

0.03000 

-1. 1225 

1.05 

3201 

.0408 

2.115 

0*0014 

43.2 

0.0141 

3. 7501 

.0502/ 

-1. 1167 

1.20 

3160 

.0401 

1.238 

• ooio 

83.2 

.0139 

3. 7253 

* 03603 

- 1. 1004 

1.40 

3131 

.0394 

1.050 

• 0006 

112. 6 

• 0138 

3.6942 

• 05515 

- 1.0809 

1.60 

3099 

.0388 

1.005 

• 0002 

132.7 

.013 7 

; 3.6652 

.05371 

- 1.0635 

1.72 

3082 

.0385 

1.000 

• 0000 

14,.. 2 

.0136 

3.6407 

.03293 

-1.0530 

2.00 

3047 

.0370 

1.017 

-•0004 

160*2 

.0134 

3.6123 

. 0 5 1 2 9 

-1.0332 

4.00 

2892 

.0346 

1.364 

-.0024 

222.6 

.0120 

3.4127 

.04380 

- . 9301 

4.08 

2880 

• 0346 

1.379 

-•0H25 

224. 1 

.0128 

3.4059 

.04358 

- .9269 

10*00 

2701 

.0300 

2.47 0 

-•0033 

200*3 

• 0120 

3*0840 

•03399 

, - . 7736 

2C.00 

2564 

.0261 

4.112 

-.0077 

314.7 

• on J 

2. 7320 

.02668 

' - .6403 

4C.00 

2429 

.0214 

7.032 

-.0107 

343.6 

.010 7 

2.3391 

.0 1951 

- .4947 

100.00 

2246 

• 0125 

14.621 

-• 0 1 66 

3 73. a 

• 009 7 

1.7259 

.01052 

. - .2007 

200*00 

2095 

.0019 

23.591 

-•0241 

396.6 

• 0088 

1.2476 

.00407 

- .1433 

400.00 

1919 

-.0112 

44.582 

-*0333 

414.7 

.007? 

.0980 

.00150 

- .0477 

1000*00 

1660 

-.0216 

91.675 

-•04Q6 

433.1 

.006^ 

♦ 7114 

| .00018 

- .0064 

2 COO * 00 

i 1468 

-.0242 

157.405 

-•0420 

448.0 

• 0052 

*6631 

.00003 

- .ooio 

400C.00 

; 1269 

i -.0256 

269.819 

-.0424 

459.1 

.0043 

.6325 

•ooooo 

- *0001 



TABLE III. - Continued. THERMODYNAMIC DERI /AT IVES AT ASSIGNED PRES. 

SURE RATIOS FOR LIQUID HYDROGEN WITH LIQUID OXYGEN 

(Equilibrium composition during isentropic expansion. Equivalence 
ratio, R; oxidant-fuel ratio, O/F.J 

(a) Continued. Combustion-chamber pressure, 60 pounds per 
square inch absolute 


Preiiure 

ratio, 

P c /P 

Temp- 

erature 

T, 

°K 

Temp- 

erature 

exponent. 

|1“ 

Area 

ratio 

exponent, 

n e 

Specific 

impulse, 

I, 

Specific- 

impulse 

exponent, 

n I 

Specific 

Neal, 

v 

«oi/(erf 0 K> 

/d In TO \ 

( ain p) T 

yd In m \ 

Mi" H 


00. PERCENT FUEL 

* 11.19. O/F 

- 7.937 



1.00 

3217 

0*0412 





3.6327 

0.06081 

-1.1607 

1.03 

3205 

.0410 

2.115 

0.0014 

41.9 

0.0141 

3.6262 

•06031 

-1.1555 

1.20 

3173 

.0404 

1.237 

• ocio 

80*8 

• 0140 

3.6075 

.05894 

-1.1409 

1.40 

3136 

.0397 

1.050 

• 0006 

109.3 

.0138 

3.5839 

•05736 

-1.1235 

1.60 

3104 

.0391 

1.005 

• 0002 

128.7 

• 0137 

i 3.5618 

•05599 

- 1 . io®o 

1.72 

3088 

.0368 

1.000 

• oooo 

137.9 

• 0136 

! 3.5493 

■05526 

-1.0995 

2.00 

3053 

.0382 

1.017 

-•0004 

155.4 

• 0135 

3.5214 

.06371 

-1.0811 

4.00 

2900 

.0351 

1.364 

-*0023 

216.0 

• 0129 

3.3683 

.04671 

- .9903 

4.08 

2896 

.0350 

1.380 

-.0024 

217.5 

• 0129 

3.3631 

• 04650 

- .9874 

10.00 

2713 

.0310 

2.474 

-.0049 

272.3 

.0121 

3.1047 

.03772 

- .8556 

20.00 

2579 

.0277 

4.124 

-•0070 

305.6 

• 0115 

2.0627 

.03120 

- .7448 

40.00 

2452 

.0242 

7.068 

-*0092 

333.7 

*0109 

: 2.5882 

.02502 

- .6289 

100.00 

2287 

.01B7 

14.785 

-.0127 

365.2 

.0101 

2.1850 

.01751 

- .4723 

200.00 

2164 

.0137 

26.152 

- ■ 0 160 

385.7 

.0095 

1.8612 

.01248 

- .3562 

400.00 

2037 

• 007S 

46.510 

-.0202 

403*9 

.0089 

1.5363 

.00816 

- .2476 

1000*00 

1859 

-.0030 

99.697 

-*0277 

42*. .9 

•0079 

1.1390 

.00380 

- .1267 

2000.00 

1710 

-.0127 

176.636 

-•0346 

436.8 

*0070 

.8974 

•00170 

- .0615 

4000.00 

1549 

-.0219 

310*311 

-.0417 

451.0 

• 0061 

.7318 

.00058 

- .0230 



R = 1. 

50* PERCENT FUEL 

=* 7.74. O/F 

r 1.905 



1.00 

3116 

0.0362 





2.2973 

0.03957 

-0.7944 

1.05 

3103 

• 0359 

2.117 

o.oou 

37,2 

0.0126 

2.2869 

.03905 

- .7873 

1.20 

3070 

.0352 

1.238 

.0012 

71.6 

.0125 

2.2574 

.03763 

- .7675 

1.40 

3031 

.0344 

1.050 

*0007 

96.8 

• 0123 

2.2216 

•03601 

- .7443 

1.60 

2999 

.03 36 

1*005 

*0002 

114.1 

.0122 

2.1892 

•03461 

- .7238 

1.72 

2981 

.0332 

1.000 

*0000 

122.4 

*0121 

2.1710 

.03385 

- .7124 

2.00 

2945 

.0324 

1.016 

-.0005 

137.7 

• 0120 

2.1323 

.03230 

- .6887 

4.00 

2762 

,0284 

1.361 

-.0029 

191.3 

• 0112 

1.9340 

•02538 

- .5752 

4.08 

2777 

.0282 

1.377 

-.0030 

192.6 

.0112 

1.9277 

.02516 

- .5717 

10.00 

2576 

.0223 

2.454 

— . 0065 

240*8 

• 0102 

1 * 63q0 

•01698 

- .4190 

20.00 

2421 

.0168 

4.065 

-.0099 

270*0 

• 0094 

1.3799 

•01144 

- .3029 

40.00 

2263 

.0102 

6.896 

-.0141 

294.4 

.0086 

1*1285 

•00685 

- .1965 

100.00 

2040 

-.0003 

14.098 

-.0212 

321.3 

• 0073 

• 8344 

• 00264 

- .0862 

200.00 

1856 

-.0082 

24.259 

-.0267 

338.4 

• 0063 

.6739 

•00096 

- .0355 

400.00 

1664 

-.0139 

41.606 

-• 0306 

353.1 

.0053 

.5774 

.00026 

- .0112 

1000.00 

1415 

-.0175 

84.484 

-.0326 

369.3 

• 0041 

. 5156 

•00003 

- .0017 

2000*00 

1240 

-.0187 

144.082 

-*0331 

379.5 

.0034 

• 4 B98 

• 00000 

- .0003 

4000.00 

1080 

-.0196 

245. 360 

-.0334 

388.2 

*002 9 

.4690 

•OOOOO 

.0000 



R - 2*00* PERCENT FUEL 

* 5.92. O/F 

= 5.873 



1.00 

2966 

0.0297 





1.5209 

0-02254 

-0.4874 

1.03 

2953 

• 0294 

2.122 

0*0019 

34.1 

0*0107 

1.5098 

•02210 

- .4802 

1.20 

2917 

.0285 

1.240 

• 0014 

65.7 

.0106 

1.4788 

.02091 

- .4605 

1.40 

2877 

.0275 

1.052 

• 0008 

88.8 

.0104 

1.4419 

.01957 

- .4376 

1.60 

2841 

*0266 

1.005 

*0003 

104.6 

• 0102 

1.4091 

.01842 

- .4178 

1.73 

2821 

.0260 

1.000 

• 0000 

112.6 

•oioi 

1.39ol 

.01778 

- .4064 

2.00 

2783 

.0250 

1.015 

-.0006 

126.3 

.0099 

1.3529 

•01657 

- .3846 

4.00 

1 2604 

.0197 

1 .353 

-.0037 

175.2 

• 0090 

1.1688 

•01130 

- .2831 

4.08 

| 2599 

.0196 

1.368 

-.0038 

176.4 

• 0090 

1.1632 

• 01U6 

- .2802 

10.00 

2365 

.OUT 

2.412 

-*0087 

220*1 

.0078 

• 92q5 

.00575 

- .1616 

20.00 

2177 

.0048 

3.941 

-.0131 

246.1 

.0067 

.7501 

•00286 

- .0890 

40.00 

1978 

-.0019 

6.657 

-. 0 175 

267.6 

• 0056 

• 6166 

•00114 

- .0400 

100*00 

1706 

-.0080 

12.980 

-.0214 

290*7 

.0043 

• 5100 

•00022 

- .0096 

200*00 

| 1505 

-.0102 

21.822 

-•0224 

305.0 

.0035 

• 4699 

•00005 

- .0024 

400*00 

1318 

-.oin 

36.754 

-•0227 

316.9 

• 0029 

.4457 

•ooooi 

- .0005 

1000.00 

1095 

-.0118 

73.335 

-.0227 

329.9 

• 0022 

• 4221 

•OOOOO 

.0000 

2000.00 

945 

-.0123 

123.637 

-.0228 

338.0 

• 0018 

• 4064 

•OOOOO 

• 0000 

14000.00 

812 

-.0128 

209*163 

-.0230 

344.8 

• 0015 

• 3916 

•OOOOO 

• OOOO 



R * 3.00. PERCENT FUEL 

= 4.03. O/F 

= 3.810 



1.00 

2655 

0.0175 





3.8140 

0.00697 

-0.1761 

1.05 

2640 

.0171 

2.140 

0*0026 

30*2 

0*0067 

• 8048 

•00672 

- .1708 

1.20 

2599 

.0160 

1.248 

• 0019 

58.1 

.0065 

.7795 

•00604 

- .1566 

1 .40 

2550 

.0147 

1.056 

• 0011 

78.5 

.0063 

• 75o6 

•00531 

- .140® 

1.60 

2509 

.0135 

1-007 

• 0005 

92.3 

• 0061 

• 7260 

.00472 

- .1276 

1.75 

2481 

.0127 

1*000 

• 0000 

100*3 

• 0059 

.7099 

.00435 

- *1193 

2.00 

2436 

.0116 

1.013 

“•0007 

111.3 

• 0057 

• 6858 

•00382 

- .1070 

4. no 

2216 

.0057 

1.325 

-•0043 

153.7 

.0046 

.5739 

.00175 

- .0550 

4* OS 

2209 

.0055 

1.339 

-*0044 

154,8 

• 0045 

.5710 

.00170 

- .0538 

10.00 

1915 

-.0002 

2.286 

-.0079 

191.7 

.0032 

.4712 

.00044 

- .0165 

20.00 

1691 

-.0026 

3.629 

-.0092 

213.1 

.0024 

.4277 

•00011 

- .0050 

40.00 

1480 

-.0036 

5.877 

-*0095 

230*2 

• 0019 

.4030 

•00002 

- .0012 

100*00 

1229 

-.0040 

11.319 

-•0093 

248.1 

.0013 

• 382o 

•OOOOO 

- «000l 

200*00 

1061 

-.0042 

18.732 

-.0092 

258. 9 

• 0011 

• 3686 

• OOOOO 

*0000 

400*00 

911 

-.0042 

31.103 

-•0092 

26 7.9 

• 0009 

.3561 

•OOOOO 

*0000 

1000*00 

739 

-•0045 

60*907 

-*0092 

277.4 

• 0006 

• 34 0 3 

•OOOOO 

• oooo 

2000*00- 

627 

-.0047 

101.211 

-•0092 

283.3 

• 0006 

.3295 

•OOOOO 

• oooo 

4000*00 

529 

-.0048 

167.951 

-•0092 

268. i 

•0004 

• 3198 

•OOOOO 

■ oooo 



TABLE III. - Continued. THERMODYNAMIC DERIVATIVES AT ASSIGNED PRES 

SURE RATIOS FOR LIQUID HYDROGEN WITH LIQUID OXYGEN 

[Equilibrium composition during isentropic expansion. Equivalence 
ratio, R; oxidant-fuel ratio, O/F.J 

(a) Concluded. Cornbustion-chamber pressure, 60 pounds per 
square inch absolute 


Pressure 

ratio, 

(>/P 

Temp- 

erature, 

T, 

°K 

Temp- 

erature 

exponent, 

"T 

Area 

ratio, 

£ 

Area- 

ratio 

exponent, 

n e 

Specific 

impulse, 

I. 

(feMwO/fc 

Specific- 

impulse 

exponent, 

n I 

Specific 

heat, 

c 

cot/ 

/d In TO \ 
(din > ) T 

/dlnTO \ 



R = 4. 

00. PERCENT FUEL 

= 3.05* 0/F 

« 1.746 



1*00 

2347 

0.0079 





0-5285 

0.00185 

-0.0553 

1.05 

2330 

.0075 

2.165 

0*0021 

27.4 

0.0032 

.5227 

.00175 

- .0525 

1.20 

2282 

.0066 

1.260 

• 0015 

52.7 

• 0030 

.5073 

.00147 

- .0454 

1 .AO 

2228 

.0056 

1.061 

• 0009 

71.2 

• 0026 

.4906 

•00120 

- .0380 

1.60 

2180 

• 0047 

1.009 

*0004 

83.6 

• 0026 

.4772 

.00099 

- .0323 

1.78 

2143 

.0041 

1.000 

*0000 

92.1 

• 0024 

.4674 

.00085 

- .0283 

2*00 

2101 

.0034 

1.009 

-•0004 

100*7 

• 0023 

.4569 

•00071 

- .0242 

4.00 

1868 

• 0006 

1.297 

-•0021 

138.3 

• 0015 

.4102 

•00021 

- .0084 

4*08 

1051 

.0006 

1.311 

-•0021 

1 3 V . 2 

• 0016 

.4092 

•00020 

- .0082 

10.00 

1556 

-.0008 

2.192 

-•0027 

171.3 

• ooio 

.3769 

*00003 

- .0015 

20.00 

1351 

-.0011 

3.439 

-.0027 

189.6 

• 0007 

.3619 

•00000 

- .0003 

40.00 

1167 

-.0012 

5.518 

-•0027 

204.1 

• 0005 

. 3501 

•OOOOO 

• 0000 

100*00 

9 54 

-.0013 

10.507 

-.0026 

219.1 

• 0004 

.3354 

*00000 

*0000 

200*00 

815 

-.0013 

17.236 

-•0025 

228.0 

• 0003 

.3244 

•00000 

.0000 

‘*00*00 

692 

-•0014 

28.358 

-•0025 

235.4 

*0002 

.3141 

• 00000 

• 0000 

1000*00 

553 

-.0014 

54.B42 

-•0025 

243.2 

• 0002 

• 3013 

•00000 

• 0000 

2000.00 

464 

-.0015 

90.278 

-.0025 

247.9 

• 0001 

.2929 

•00000 

• 0000 

4000.00 

367 

-.0015 

148.471 

-•0025 

251.7 

• 0001 

.2865 

•00000 

*0000 



R * 5.00. PERCENT FUEL 

* 2.45* O/F 

9.683 



1.00 

2062 

0.0027 





0*4109 

0*00043 

-0.0153 

1.05 

2044 

.0025 

2.186 

0*0010 

25.2 

0.00 1 1 

.4079 

.00040 

- .0142 

1.20 

1995 

.0020 

1.269 

• 0007 

48.4 

• 0010 

.4004 

.00032 

- .0116 

1.40 

1938 

.0016 

1.066 

• 0004 

65.3 

.0009 

.3925 

•00024 

- .0091 

1.60 

1890 

.0012 

1*011 

*0002 

76.7 

• 0008 

.3864 

•00019 

- .0073 

1.80 

1849 

.0010 

1.000 

• 0000 

85-1 

.0003 

.3816 

.00015 

- *0060 

2.00 

1811 

.0008 

1.007 

-•oooi 

92.2 

• 0007 

.3775 

<00012 

- .0050 

4.00 

1578 

.0000 

1.282 

-•0005 

126.2 

• 0004 

. 3579 

•00003 

- .0013 

4.08 

1571 

• 0000 

1.295 

-•0005 

127.0 

• 0004 

. 3575 

•00002 

- .0012 

10*00 

1304 ! 

-.0003 

2.145 

-•0006 

155-7 

*0002 

.3413 

•00000 

- .0001 

20.00 

1122 i 

-•0003 

3.345 

“•0006 

171.9 

• 0002 

• 3309 

<00000 

• 0000 

40*00 

961 ; 

-.0003 

5.334 

-.0005 

184.7 

• oooi 

.3209 

•00000 

•0000 

100*00 

778 ' 

-.0003 

10*072 

"•0005 

197.8 

• 0001 

♦ 3076 

.00000 

• 0000 

200.00 

659 

-.0004 

16.410 

-•0005 

20 5.6 

• oooi 

.2979 

•00000 

*0000 

400.00 

555 | 

-.000 

26.810 

-.0005 

212.0 

• oooi 

• 2888 

.00000 

• 0000 

1000-00 

438 

-.0004 

51.370 

-•0005 

211.6 

• 0000 

.2783 

•00000 

• 0000 

2000*00 

365 ' 

-.0004 

84.029 

-•0005 

222.6 

*0000 

• 2728 

•OOOOO 

• 0000 

4000*00 

303 

-.0004 

137.526 

-•0005 

225.9 

• 0000 

.2693 

•00000 

•0000 











r 




TABLE III. - Continued. THERMODYNAMIC DERIVATIVES AT ASSIGNED PRES- 
SURE RATIOS FOR LIQUID HYDROGEN WITH LIQUID OXYGEN 

[Equilibrium composition during isentropic expansion. Equivalence 
ratio, R; oxidant-fuel ratio, O/F.j 

(b) Combustion-chamber pressure, 150 pounds per square inch absolute 


Pressure 

ratio, 

P e /P 

Tamp- 
er at u re, 

T, 

°K 

Temp 

erafure 

exponent, 

n 1 

Area 

ratio, 

e 

Area- 

ratio 

exponent, 

n e 

Specific 

impulse, 

I. 

Speafic- 
impjlse 
expr nent, 
I 

Specific 

Neat, 

S' 

td/(gK°K) 

id In 2)1 \ 

(?r„ > ) 7 

/dlnSTl \ 

T Jt» 

R . * 0. 

15 » PERCENT FUEL 

= 45.65* J/F 

1.190 



1*00 

1183 

0*0000 





1.7752 

0.00000 

0-0000 

l.'ts 

1168 

• 0000 

2.250 

0-0000 

47.4 

0*0000 

1.7711 

•00000 

• oooo 

1*20 

1129 

.0000 

1.297 

• 0 n 00 

90.8 

• OOOO 

1.7597 

•00000 

• oooo 

1.40 

1085 

.0000 

1.081 

• oooo 

122*2 

• OOOO 

1.7473 

•00000 

oooo 

1.60 

1049 

.0000 

1.018 

-oooo 

143.2 

• OOOO 

1.7368 

•00000 

• oooo 

1*87 

1008 

.0000 

1.000 

• oooo 

163.4 

.ODOO 

1.7257 

.00000 

oooo 

2.00 

989 

.0000 

1.003 

• oooo 

171.5 

■ OOOO 

1.7210 

.00000 

• oooo 

4.00 

824 

.0000 

1.233 

• oooo 

232.3 

• oooo 

1.6825 

•00000 

• oooo 

10*00 

643 

.0000 

1.974 

• oooo 

283.1 

. oooo 

1.65o5 

•00000 

• oooo 

10*21 

639 

• 0000 

1.997 

• oooo 

284.0 

• oooo 

1 »65o 1 

•00000 

• oooo 

20*00 

532 

• 0000 

2.982 

• oooo 

309.9 

• 0 too 

1.6343 

.00000 

• oooo 

40*00 

439 

• oooo 

4.620 

• oooo 

330*4 

• 0 10Q 

1.6269 

•00000 

• oooo 

100-00 

340 

.0000 

8.432 

■ oooo 

350-8 

• 0 )00 

1*6091 

.00000 

♦ oooo 

200*00 

280 

• 0000 

13.431 

• oooo 

362.6 

• o too 

1. 5971 

•00000 

. oooo 

400.00 

230 

.0000 

2 1.488 

• oooo 

372.0 

• 0 )00 

1.5556 

•00000 

• oooo 

1000*00 

175 

.0000 

39.928 

• oooo 

381.6 

• 0 too 

1.4845 

•00000 

• oooo 

2000.00 

142 

.0000 

63.572 

• oooo 

387.2 

.0 )00 

1.4387 

.00000 

• oooo 

4000.00 

114 

• 0000 

100*938 

*0000 

391.6 

• 0100 

1.4054 

•OCOOO 

• oooo 



R = 0.20. PERCENT FUEL 

= 38.65. 0/F 

1.587 



1*00 

1514 

0-0000 





1.6191 

0-00000 

-0.0001 

1*0& 

149? 

*0000 

2.233 

0*0000 

49.3 

0-0000 

1*6146 

•00000 

• oooo 

1*20 

1450 

*0000 

1.289 

• oooo 

94.6 

• oooo 

1*6026 

•00000 

• oooo 

1.40 

1398 

• 0000 

1 . 0 77 

• oooo 

127.4 

• oooo 

1.5889 

•00000 

• oooo 

1*60 

1354 

.0000 

1*016 

• oooo 

149.4 

• 0 )00 

1.5773 

•00000 

oooo 

1.88 

1307 

• 0000 

1*000 

• oooo 

169.2 

. o too 

1.5652 

•00000 

• oooo 

2.00 

1282 

*0000 

1-004 

• oooo 

179.1 

• o too 

1.5585 

•00000 

■ oooo 

4.00 

1079 

•ooco 

1.244 

*0000 

243.2 

• 0 too 

1.5045 

•00000 

■ oooo 

10*00 

852 

.0000 

2*009 

• oooo 

2 97.2 

• o too 

1.4516 

.00000 

• oooo 

10.21 

84 7 

.0000 

2.033 

♦ oooo 

298.2 

.0 too 

1.4506 

•ooooo 

• oooo 

20*00 

709 

• 0000 

3.Q49 

• oooo 

325.9 

• c too 

1.4232 

•00000 

• oooo 

40*00 

588 

• 0000 

4.739 

• oooo 

348.0 

• o too 

1.4067 

•ooooo 

• oooo 

100*00 

458 

*0000 

8.679 

• oooo 

37o«0 

• oooo 

1.3914 

*00000 

• oooo 

200*00 

379 

*0000 

13.870 

• oooo 

302.7 

• oooo 

1.38o7 

•ooooo 

• oooo 

400 00 

312 

.0000 

22.295 

• oooo 

393-0 

*0000 

1.3677 

•ooooo 

*0000 

1000*00 

242 

.0000 

41.979 

• oooo 

403.5 

• oooo 

1 • 34q2 

■ooooo 

• oooo 

2000.00 

198 

.0000 

67.687 

• oooo 

409*7 

*0 too 

1.2958 

•ooooo 

♦OOOO 

4000.00 

161 

• 0000 

108.754 

• oooo 

414.6 

• o too 

1.2580 

•ooooo J 

• oooo 



R - 0.25, PERCENT FUEL 

* 33.51. 1/F 

- 1.904 



1.00 

1816 

0*0002 





1*5040 

; 0.00003 

-0.0009 

1.06 

1797 

.0002 

2.218 

0»000l 

50-3 

0*0 tol 

1.4992 

.00002 

- .0006 

1.20 

1745 

.0001 

1.283 

• 0001 

96.6 

• 0 tol 

1.4867 

.00002 

- « 000 5 

1.40 

1686 

.0001 

1.073 

• oooo 

130*1 

• 0 tol 

1.4730 

■ooooi 

- *0003 

1.60 

1636 

• oooo 

1.015 

• oooo 

152.7 

• 0 too 

1.4616 

•00001 

- .0002 

1 .83 

1587 

*0000 

1-000 

*0000 

171.8 

• o too 

I 1.45 0 3 

•OOOOO 

- *0001 

2*00 

1555 

• oooo 

1.005 

• oooo 

183.1 

• o too 

I 1.4429 

•ooooo 

- .0001 

4.00 

132 2 

•oooo 

1.256 

• oooo 

249.3 

• c too 

1.3875 

•ooooo 

• oooo 

10*00 

1057 

*0000 

2-046 

• oooo 

305*6 

*c too 

1.3225 

. ooooo 

•OOOO 

10*21 

1052 

.0000 

2.073 

• oootj 

306.6 

• C >00 

1.3213 

•ooooo 

• OOOO 

20*00 

887 

.0000 

3. 127 

• oooo 

335.7 

• c too 

1.2847 

•ooooo 

• oooo 

40*00 

741 

*0000 

4.863 

•oooo 

359*0 

• c too 

| 1.2559 

•ooooo 

• oooo 

100*00 

581 

.0000 

0.985 

• oooo 

382.4 

• c too 

1.2320 

•OOOOO 

• oooo 

200*00 

402 

• oooo 

14. 396 

• oooo 

395.9 

• c too 

1.2190 

: -OOOOO 

• oooo 

400*00 

399 

•oooo 

23.208 

• oooo 

4Q6.8 

• c too 

1*2100 

; .00000 

• oooo 

1000*00 

310 

.0000 

43.894 

• oooo 

418.1 

• c too 

1.1953 

•ooooo 

• oooo 

2000*00 

256 

• ooco 

71.280 

• oooo 

424.7 

• c too 

1 • 1 B 0 3 

•ooooo 

• oooo 

4000.00 

2 10 

.0000 

115.651 

• oooo 

430*2 

• c too 

! 1.1481 

• ooooo 

• oooo 



H = J. 

30. PtRCLNT FUEL 

= 29.57. 1/F 

= 2.381 



1.00 

2092 

0*0011 





1.4348 

0.00020 

-0.0084 

1.05 

2071 

.0010 

2.205 

0 • 00(^4 

50*6 

O.c t04 

1.4282 

.00018 

- .0049 

1.20 

2015 

.0007 

1.277 

• 0003 

97.5 

*C )Q4 

1.4111 

.00013 

- *0037 

1.40 

1951 

.0005 

1.070 

• 0002 

131.4 

• C )0-> 

1.3931 

•00009 

- .0026 

1.60 

1897 

.0003 

1.013 

• 0001 

15* .2 

• C )0J 

1.3786 

.00007 

- .0019 

1.82 

1846 

• 0002 

1.000 

• oooo 

172.6 

*C 30^ 

j 1.3659 

• oooo^> 

- .001** 

2.00 

1809 

.0002 

1.006 

• oooo 

185.1 

*C30^ 

! 1.3567 

•00004 

- *0011 

4.^0 

1553 

-.0001 

1.266 

-•0001 

252.5 

• C toi 

j 1.2999 

• OOOOO 

- • 0002 

10*00 

1258 

-.0001 

2.065 

-•0001 

310*4 

• C tol 

! 1.2337 

• OOOOO 

• oooo: 

10*21 

1251 

-.0001 

2.111 

-•0001 

311.5 

•C tol 

1.2322 

• OOOOO 

.0000: 

20*00 

1064 

-• 0D0 1 

3.206 

-•0001 

341.7 

*c too 

' 1-1891 

•OOOOO 

• ooooi 

40*00 

895 

-.0001 

5.037 

-*0001 

366.0 

• c too 

! 1 * 15 31 

OOOOO 

• OOOO; 

100*00 

708 

-.0001 

9.325 

-*0001 

390*5 

• c too 

! 1.1175 

•ooooo 

• oooo! 

200*00 

590 

-.0001 

14.994 

-• oool 

4q4 . 8 

• c too 

! 1-1C08 

•ooooo 

• oooo 

400*00 

490 

-.0001 

2 4.235 

-•OOOl 

416.3 

• c too 

■ 1.0868 

ooooo 

*0000 

1000*00 

383 

-.0001 

46.002 

-•0001 

428.3 

• c too 

, 1.Q745 

ooooo | 

•000”) 

2000*00 

317 

-.0001 

74.917 

-•oool* 

435.4 

• c too 

1.0637 

♦ooooo 1 

• oooo 

4000.00 

262 

-.0001 

122.193 

-•oool 

441.2 

*c too 

1-0&33 

•ooooo 

• oooo 



TABLE III. - Continued. THERMODYNAMIC DERIVATIVES AT ASSIGNED PRES 

SURE RATIOS FOR LIQUID HYDROGEN WITH LIQUID OXYGEN 

{Equilibrium composition during isentropic expansion. Equivalence 
ratio, R; oxidant-fuel ratio, 0/F . j 

(b) Continued. Combustion-chamber pressure, 150 pounds per 
square inch absolute 



Temp- 

Temp- 

Area 

Area- 

Specific 

Specific- 

Specific 




erature. 

erature 


ratio 


impulse 

heat, 

/0 In 771 \ 

/dln*J7I \ 

ratio, 

T. 

exponent, 


exponent, 

1 

exponent, 

c p 

(d\n P J 

d In T ) p 

P c /P 


"l 


n £ 

(IbllMcj/lb 

n I 

cal/la< , (°K[ 

. I 




a = o*3 

5. PERCENT FUEL 

= 26.47. O/F 

2.778 



1.00 

2339 

0*0036 

/ 



[ 

1.4271 

0.00001 

-0*0194 

l .05 

2317 | 

.0033 

2.19 2 

0*0012 

80*0 

0.0014 

1.4164 

•00074 

- .0100 

1.20 

2259 

.0026 

1.271 

*0009 

9 7.6 

• 001* 

1.3089 : 

.00050 

- « o 14*4 

1.40 

219 i 

• 0020 

1.067 

• 0005 

131.6 

• 0011 

1 . 3b04 

.00043 

- .one 

1.60 

213/ 

.0013 

1.012 

• 0002 

154.6 

• OOlQ 

1.3385 

.00000 

- .0006 

1.00 

206 7 

-oou 

i.OOC 

• 0000 

172.1 

• 0009 

1.3209 

•00026 1 

- .0069 

2*00 

2044 

• 0009 

i * 00 7 

-•oooi 

165.7 

*0000 

1.3060 

•00021 

- .0056 

4.00 

1772 

-*aooi 

1.276 

-•0006 

2 54,o 

*0005 

1.2337 

•00004 

- .oou 

10.00 i 

1451 

-.0003 

2.120 

-*0006 

312.9 

*0003 

1.1659 

.00000 

- *0001 

10*21 

1444 

-.0003 

2 . 147 

-•0006 

314.0 

*0003 

1 . 1 6 4 5 

. 00000 

- .0001 

20*00 

1239 

-.0004 

3.282 

-.0006 

345. 1 

• 0002 

1.12Q6 

. 00000 

• aooo 

40.00 

1051 

-.0004 

5. 191 

-*0005 

370*2 

*0001 

1*0794 

•00000 

*0000 

100*00 

0 36 

- . 0004 

9.681 

-•0003 

395.0 

• oooi 

1-0366 

•00000 

• 0000 

200*00 

702 

-.0004 

10.634 

“•0005 

410*8 

• 0001 

1,0119 

•00000 

• oooc 

400*00 

566 

-•ooc'* 

25.362 

“•0003 

422 .9 

• 0001 

.9953 

•oaooo 

• 0000 : 

1000*00 

460 

-.0004 

48.312 

-•0005 

435.5 

• 0000 

• 9 709 

•00000 

• 0000 

2000*00 

302 

-.0004 

70.890 

-•0005 

443.0 

>0000 

* 9694 

•ocooo 

• 0000 

4000*00 

317 

-.0004 

129*010 

“•0005 

449.2 

-0000 

. 9507 

• 00000 

• OOOO 



R = o." 

0, PERCENT FUEL 

= 23.95. O/F 

3.175 



1*00 

2553 

0*0070 





1.4079 

0 .002 i 9 

-0*0409 

1 • 

2532 

.00 74 

2.170 

0*0022 

50*6 

0.0029 

1.4725 

.00205 

- .0460 

1*20 

2475 

.0063 

1.265 

• 0016 

97.2 

.002? 

1.4323 

.00169 

- • 0 3 B0 

1.40 

2410 

.0031 

1.064 

•0009 

131.2 

• 0025 

1.3094 

• 0010** 

- .0315 

1*60 

2333 

. 004 1 

i.Oll 

• 0004 

154.1 

*002 3 

1.3555 

.00108 

- .0289 

1*79 

2306 

• 0034 

1*000 

*0000 

170-6 

*002 1 

1.3293 

•00090 

- .0219 

2*00 

2 2 60 

*0028 

1.008 

-•0004 

105.3 

.0020 

1.3052 

•00074 

- .0183 

4.00 

1970 

.0002 

1.286 

-•0017 

254.0 

• ool J 

1 . 1954 

• 0 00 1 0 

- .0050 

10*00 

1630 

-.0006 

2.185 

— • 00 2 i 

3 1 3. 9 

• 000 7 

1.1133 

- 00002 

- *000^ 

10*21 

1631 

-.0000 

2. lb* 

-•0021 

318.0 

• 000 7 

1.1119 

. 00001 

- .0005 

20*00 

1410 

-.0010 

3.350 

-•0020 

346 . 7 

*0005 

1.0674 

.00000 

“ .0001 

40*00 

1206 

-.0010 

5.344 

-.0019 

372.5 

*0004 

1.0256 

•00000 

■ 0000 

100*00 

971 

-.001 1 

10*047 

-•0018 

399.0 

*0003 

. 9 769 

•00000 

• 0000 

200*00 

019 

-.0011 

16.311 

-.0010 

414.6 

*0002 

.9479 

.00000 

• 0000 

400*00 

600 

-.0011 

26.8 n 

-* OO 1 8 

427.4 

• 000^ 

. 925 1 

.00000 

• 0000 

1 000*00 

543 

-.001 1 

50*051 

-•0018 

44Q.6 

• OOOl 

.9040 

*00000 

• 0000 

2000*00 

452 

-.0012 

03.253 

-•0010 

440.6 

• oooi 

• 0930 

•00000 

• oooo 

4000*00 

[ 376 

-.0012 

136.502 

-•0018 

455.1 

• 0001 

.8«32 

! .ooooo 

•0000 



R = 0*45 i PERCENT FUEL 

= 21.07. O/F 

* 3.571 



1.00 1 

[ 2733 

0.0131 





1.6077 

0.00457 

-0*0965 

1*0!? 1 

■ 2713 

• 0126 

2. 165 

0*0030 

50*1 

0*0040 

1.5081 

.00433 

- .0921 

1*20 

2659 

.0112 

1 .259 

• 0022 

96.4 

*0043 

1.8361 

.00372 

- .0006 

1*40 

2396 

.0096 

1.061 

• 0013 

1'3 0 • 2 

.0042 

1.4792 

.00309 

- .0684 

1*60 

2542 

.0083 

1*009 

• 0006 

153. c 

*0040 

1.4330 

•00261 

- .0580 

1.77 

2499 

.0073 

1.000 

*0000 

160.4 

• 0C3o 

1.3991 

.00227 

- .0519 

2.00 

2451 

.0063 

1*009 

-.0006 

104.2 

.0036 

1.362 1 

.00192 

- .0447 

4.00 

2171 

.001 ♦ 

1.298 

-.0033 

253.0 

.0025 

1.1951 

.00061 

- • 0 i59 

10*00 

1019 

-.001 3 

2. 193 

-•0046 

315.8 

•00 1 5 

| 1.0766 

•00008 

- .0028 

10*21 

1012 

-.0013 

2.221 

-*0046 

314.7 

• 0013 

! 1*0 750 

.00008 

- .0024 

20*00 

13 70 

-.0018 

8.4 36 

-•0046 

346.9 

•ool i 

1*0250 

•OOOOl 

- *0004 

40*00 

1359 

-.0020 

3.802 

-•0048 

3 7 3.4 

•0000 

• 9o35 

: .00000 

•0000 

100*00 

1106 

“•002 1 

10*420 

-•00*0 

400*7 

•0000 

.9330 

•00000 

•0000 

200*00 

939 

-.0022 

1 7*026 

-•0043 

417*0 

• 000^> 

•9001 

•00000 

• 0000 

400*'>0 

794 

-.0023 

27.679 

' -*0043 

430* 2 

• 0004 

. 0730 

•ooooo 

•0000 

1000*00 

631 

, -.0023 

53.635 

, ” • 0042 

444.2 

*0003 

.0467 

•ooooo 

• oooo' 

2000*00 

520 

| -.0024 

80.103 

j -*0042 

452.6 

• 0002 

.0316 

.ooooo 

• 0000 

4000*00 

440 

| -.0024 

144.634 

| -.0042 

459.5 

*0002 

.8211 

. ooooo 

I -oooo 



R - Q. 

50 1 PERCENT FUEL 

= 20.12. O/F 

= 3.968 



1*00 

2081 

0.0105 





1.7727 

j 0.00797 

-0.1623 

1.03 

2862 

.0179 

2.153 

0.0032 

49.6 

C • 0066 

1.750 1 

.00764 

j - .1564 

1*20 

2011 

.0165 

1.2 54 

• 0024 

95.3 

• 0064 

1.6093 

.00676 

i - . 1 4Q 7 

1*40 

2732 

.0140 

1.059 

.0014 

120.0 

*0061 

1.6211 

• OC063 

i - .1234 

1.60 

2 701 

.0133 

1.000 

•0006 

15 1.5 

♦ 003o 

1.5642 

.00^09 

1 - . 1C-46 

1.76 

2664 

.0123 

1.000 

*oooo 

165.6 

.0086 

1.5246 

.00489 

- *1001 

2*00 

2615 

• 0^09 

1.0 11 

-*0000 

■ 102.4 

• 0034 

1.4743 

.00399 

- .Cd03 

4.00 

2346 

.0042 

1.311 

! -.0046 

251.2 

.0041 

1.2440 

.00159 

- .0306 

10*00 

1994 

; - .0013 

*.2 15 

I -*0C7b 

, 312.2 

• 0027 

1.0652 

. 00030 

- .0004 

10*21 

19b6 

-.0014 

2.264 

-•00 '6 

313. J 

• 002 / 

1.0625 

. CCC29 

- .0080 

20*00 

1 74 3 

-.0020 

3.52* 

| -*00o 1 

346.1 

• 0020 

*9956 

*00006 

- .0018 

40*00 

1512 

-.0033 

! 3.6^0 

| -*0080 

373.2 

.* 00 1 3 

• 9 5 o2 

i .00001 

- *0003 

100*00 

| 1242 

i -.0055 

10*029 

' -*00 70 

4 01.8 

• ooi i 

. 0 994 

. -oocco 

• oooo 

c00*00 

1063 

-.0036 

; r. / o 4 

-•00/0 

4 16.1 

• 0000 

.6642 

•ccooo 

• oooo 

400*00 

9Q4 

-.0036 

29.2 /a 

-*00/7 

43 1.9 

• 000 7 

.0340 

•ocooo 

• oooo 

1 000*00 

724 

-.0039 

5 6*6/0 

; — • 00 7 / 

44 b. 8 

• 0005 

*60 19 

* GOOOO 

• oooo 

2000*00 

6Q0 

i --004C 

9 3.43 i 

j “*0Q ' 7 

4 3 5.8 

• 0009 

. Vo*. 3 

•OOOOO 

• oooo 

■ 4000*00 

510 

| -.0041 

154. 1 3 J 

j - * 00 7 7 

46**6 

, .0003 

*_7 7oO 

•OOOOO 

• oooo 



TABLE III 


Continued. THERMODYNAMIC DERIVATIVES AT ASSIGNED PRES 


SURE RATIOS FOR LIQUID HYDROGEN WITH LIQUID OXYGEN 

[Equilibrium composition during isentropic expansion. Equivalence 
ratio, R; oxidant-fuel ratio, O/F.] 

(b) Continued. Combustion-chamber pressure, 150 pounds per 
square inch absolute 


Pressure 

ratio, 

P c /P 

Temp- 

erature, 

T, 

°K 

Temp- 

erature 

exponent, 

•H 

Area 

ratio, 

€ 



Area- 

ratio 

e*pooent, 

°e 

Specific 

impulse, 

I, 

(fc)(iec>/lb 

Specific- 

impulse 

expo-lent, 

r ’t 

Specific 

heat, 

v 

Aar*) 

fd In TO \ 

(dln> ) t 

/din 771 \ 

U r " T X 

R c Q • 

i>Q . PERCENT FUEL 

= 17.3*. < /F 

4.762 



1*00 

3097 

0*0278 





2.200* 

0.01775 

-0.3453 

1*0* 

3081 

.0273 

2.136 

0*0020 

48.2 

0*0097 

2.1752 

.01724 

- .3370 

1.20 

3036 

• 0260 

1.247 

• 002 1 

92.7 

• 00 9 5 

2.105* 

•01587 

- .3143 

1.40 

2983 

.0245 

1.0** 

*0012 

125.3 

.009 2 

2.0248 

.01435 

- .2087 

1.60 

2940 

.0232 

1.007 

•000* 

147.* 

• 0090 

1.9551 

.01310 

- .2669 

1.74 

2911 

.0223 

1.000 

• oooo 

1*9.9 

. 0080 

1.9107 

.01232 

- .2533 

2.00 

2863 

.0206 

1.013 

-*0000 

177.0 

• OC06 

1.8396 

-01U2 

- .2310 

4.00 

2630 

.0131 

1.333 

-•00*3 

245.9 

♦ 0073 

l.*032 

.00*05 

- .1359 

10.00 

2308 

• 002 0 

2*321 

-•0113 

307.2 

• 00*6 

1.1*96 

.00198 

- .0496 

10. ?1 

2300 

• 0026 

2.3*2 

-•on* 

308.4 

.00** 

1.1*36 

.00192 

- .0483 

20«OO 

20*6 

-.0028 

3.700 

—•0746 

342-0 

. 00 44 

1*0010 

•00062 

- .0171 

40*00 

18 13 

-.0056 

6*038 

-•Ol *9 

370* 1 

• 0034 

.9136 

•00014 

- .0043 

100*00 

1316 

-.006B 

1 1.693 

— * 0 1 6 1 

399.6 

• O' 24 

.8*15 

•ooooi 

" -0004 

200*00 

1317 

-.0072 

19.413 

-•0160 

417.4 

• or 19 

• B 1 5 7 

.00000 

• oooo 

400.00 

1133 

-.007* 

32.319 

-.01*9 

432.3 

• Ot 16 

.782* 

•00000 

• oooo 

1000.00 

924 

-.0079 

63.444 

— *0 1 * 9 

448.2 

.0) 12 

.7435 

•00000 

• oooo 

2000*00 

786 

-.00«2 

10* * *9* 

-•0160 

4*7.9 

• 01 lo 

. 7169 

.00000 

• oooo 

4000.00 

66 3 

-.0084 

17*. *48 

-•0160 

466*0 

• O' 00 

.6994 

•00000 

• oooo 



R * 0.70. PERCENT FUEL 

= 1*. 2* * L/F 

5.556 



1.00 

3231 

0*034* 





2.7Q36 

0.03093 

-0.5863 

l.O* 

32 it> 

• 0342 

2. 126 

0*0022 

46.7 

0.0-18 

2.6809 

.03031 

- .5771 

1.20 

3176 

• 0332 

1.242 

• 0016 

09.8 

.0 17 

2*6171 

.02663 

- .5518 

1.40 

3130 

.0320 

1.0*2 

• 0010 

121. * 

.0 1* 

2.5409 

.02672 

- .5222 

1.60 

3091 

.0309 

1.006 

*0004 

143.1 

.0 13 

2.4728 

.02*09 

- .4963 

1.73 

3068 

.0303 

1*000 

• oooo 

1*4.2 

.0 12 

2.4318 

.02414 

- .4809 

2.00 

302* 

• 0291 

1.01* 

-.0007 

172.6 

.0 09 

2.3*50 

.02242 

- .4527 

4.00 

2823 

.0227 

1.348 

-•0044 

239.3 

• 0> 99 

1.9694 

.01481 

- .3180 

10*00 

2**0 

.0123 

2. 391 

-.010* 

300.2 

• Oi 84 

1.4750 

•00697 

- .1640 

10.21 

2*44 

• 012 1 

2.42* 

-.0107 

30 1*4 

*Oi 8 3 

1.4650 

.00683 

- .1610 

20.00 

2331 

.0036 

3.886 

-•0160 

33*. 4 

• O' 71 

1.1743 

.00316 

- .0801 

40*00 

2102 

-.0040 

6.42* 

-•0*07 

364.2 

• Oi *9 

.9713 

•ooiii 

- .030* 

100. 00 

1797 

-.009* 

12.637 

- . 0 2 3 7 

39*. 0 

• O' 44 

.8356 

•00017 

- .00*4 

200*00 

1*79 

-.0110 

21. 191 

-•0241 

413.9 

• Oi 35 

.7071 

•00003 

- .ooio 

400*00 

1379 

-.0117 

3*. 638 

-•0241 

429.8 

• O' 29 

.7520 

•OOOOO 

- »oooi 

1000.00 

1142 

-.0124 

70.9*2 

-.0242 

44 7 *0 

• O' 22 

.7111 

•00000 

• OOOO 

2000*00 

983 

-.0129 

119.341 

— . 0 243 

457.6 

• Oi 18 

.6825 

-00000 

• 0000 

4000.00 

841 

-.0134 

200*371 

-.024* 

466.6 

• O' 1* 

.6576 

•OOOOO 

•0000 



R =■ 0*00. PERCENT FUEL 

= 13.60* l /F 

= 6.349 



1.00 

3304 

0.0387 





! 3.124* 

0.04443 

-0.828* 

1.03 

3290 

• 0384 

2.121 

0*001 7 

45.2 

0.0 31 

3.1098 

•04384 

- .8209 

1.20 

32*3 

• 0376 

1.240 

• 0 n l 2 

87.0 

• 0 29 

3.0677 

.04222 j 

- .7997 

1.40 

3211 

.0367 

1.0*1 

-0007 

117.7 

• 0 28 

3.0158 

.04035 

- .7744 

1.60 

3174 

.03*9 

1.00* 

• 0003 

138.6 

<0 26 

2.9661 

.03072 

- .7517 

1.72 

31*4 

• 03** 

1.000 

• 0000 

140.9 

.0 2* 

2.94 0 1 

.03781 

- .7367 

2.00 

311* 

.0345 

1.016 

-.000* 

167.3 

.0 24 

2.8824 

■03601 

- .712* 

4.00 

293* 

.0299 

1.3*7 

-.0032 

232*2 

.0 16 

j 2.5693 

.02763 

- .5803 

10.00 

2704 

• 0224 

2.437 

-.0077 

292.0 

.0 0* 

2.0604 

.01710 

- .3892 

10.21 

2699 

.0222 

2.472 

-.0078 

293.2 

.0 04 

2.0482 

.01688 

- .3845 

j 20*00 

2*26 

• 01*0 

4. 0 17 

-•0123 

327.1 

• o 9b 

1.6425 

•01020 

- .2476 

40.00 

2338 

.00*6 

6. 763 

-•0-18 3 

356.3 

.0' 04 

1.2625 

•00*00 

- .1301 

' 100.00 

2064 

-.0069 

1 3 . 6 1 0 

-•026* 

380.1 

• 0 68 

.9242 

.00131 : 

- .0377 

: 2 oo.oo 

1846 

-.0128 

23.116 

-.0302 

4 00 • 0 

• 0 *6 

. 7993 

.00034 

- .0106 

400*00 

1634 

-.015* 

39.267 

-•031* 

424.9 

• 0 46 

. 7393 

■00006 

- .0022 

1 1000*00 

137* 

-.0169 

79.18b 

-.0310 

443.4 

• 0 36 

.6930 

•ocooo 

- *0002 

! 2000*00 

1199 

-.0177 

134.869 

-•0320 

43 5*0 

• 0 30 

.6639 

•00000 : 

• 0000 

14000.00 

1039 | 

— .0 18 * 

228.324 

-•0322 

464 • 8 

• 0 25 

! .6361 

■00000 j 

• 0000 



R = 0. 

90» PERCENT FutL 

- 12.20. 1 /► 

~ 7.143 



1*00 

3336 

0.0406 





3.2051 

0.0*319 

-0.9636 

1.0* 

3322 

• 0404 

2.118 

0*001 * 

43.0 

0.0 36 

3.2 7^3 

•0*c6b 

: - •9781 

1.20 

3286 

.0397 

1.239 

• 0011 

04.3 

.0 36 

3.254 7 

.0*127 

- .9625 

1.40 

3246 

.0389 

1.0*1 

*0006 

114.0 

• 0 34 

! 3. 2263 

.04965 i 

- .9439 

1.6Q 

3211 

• 0363 

1.00* 

• 0002 

1 34 .3 

.0 32 

1 3.159 7 

.04024 

- . 927 J 

1.72 

3192 

.0379 

1.000 

• oooo 

141*. 2 

.0 32 

1 j • i b *+ 3 

.04 747 

- » 9 1 7 v 

1.00 1 

31*4 

.03 U 

1.016 

-•0004 

ibc * J 

.0 30 

-5.1513 

•04509 

- . b 9 o 3 

4.00 

,2984 

*033 5 

1.360 

-.002 * 


.0 24 

2 • 96fao 

.03662 

- .7996 

10*00 

2/7* 

• Oc 6 6 

2.4 D / 

-.00*6 

2 0 „ . 3 

.0 17 

2 .b'>Q6 

.02912 

- .6491 

10.21 

27 70 

. Or 04 

2.4* 3 

-•oo* 7 

264, b 

.0 10 

2.6322 

.02091 

- .64*3 

20.00 

2623 

• Q 2 4 1 

4.Q82 

-•0083 

317.9 

.0 00 

2 * 3270 

. 0 2 2 0 7 

- . 5 2 0 9 

40*00 

2474 

.018* 

6.960 

-•0 i 18 

346.9 

• 0 Oi 

1.9360 

.01*25 

- .3017 

100.00 

226 i 

.00 76 

It.:#: 

-.q1 VO 

375.0 

.0 -90 

1.3985 

* 0 C 7 0 9 

- .194 0 

COO. 00 

2092 

-.0040 

24. 

- * 0 c 7 1 

395.6 

.0 ! ° 0 

1.0220 

• OC c 7* 

- .0612 

400. TO 

1890 

-.0144 

4*. 209 

-*C j 4 4 

4 17.3 

. 0 -00 

.6010 

* 0CO7 5 

- *0*34 

. 1000.00 

1628 

— • Oc 0* 

80.** 19 

-*0-° 1 

4 3 7.4 

• 0 .8- 

. 6923 

•00008 

- *0029 

’ 2000*00 

14 3 i 

— • 0 C 4 1 

1 3 i • boe 

“•035 7 

•+*0*0 

.0'47 

*6^60 

• OCQC 1 

- *0004 

: 4000.00 

i2el 

~.0<- 34 


“ • C :: - 0 

4t0*« 

• 0 -6 

.027 f 

•00 "CO 

• OOOO 



TABLE III. - Continued. THERMODYNAMIC DERIVATIVES AT ASSIGNED PRES- 
SURE RATIOS FOR LIQUID HYDROGEN WITH LIQUID OXYGEN 

[Equilibrium composition during isentropic expansion. Equivalence 
ratio, R; oxidant-fuel ratio, O/F.] 

(b) Continued. Combustion-chamber pressure, 150 pounds per 
square inch absolute 


— 

Pres 10 re 
ratio, 

P c /P 

Temp- 

erature, 

T, 

°K 

Temp- 

erature 

exponent, 

°T 

I 

Area 

ratio, 

e 

Area- 

ratio 

exponent, 

n £ 

Specific 

impulse, 

l, 

rfcxwo/b 

Specific- 

impulse 

exponent, 

r>i 

Specific 

heat, 

S' 

id In TO \ 

/din Tl \ 
Id In T 



R s 1*1 

pO. PERCI 

-NT FUEL 

= lie r 

I 

9» O/F 

= 7.937 

1 

1 — ” 1 



1*00 
1.05 
1.20 
1 .40 
1.60 
1.72 
2.00 
4.00 


10.00 

10.71 

20.00 

40*00 

100*00 

200*00 

400.00 

1000*00 

2000.00 

400Q.00 


3341 
33 28 
3292 
32 52 
3217 
3199 
3161 
2994 

2789 

2786 

2644 

2505 

2325 

2168 

2048 

1850 

1686 

1517 


). 04 1 0 
.0407 
.0401 

• 0394 
.0387 
.0384 
.0377 
*0344 

• 0299 
.0298 

• 0264 

• 0224 

• 0164 
.0108 
.0040 

-.0070 

-.0158 

-.0229 


2.118 
1.2 38 
1.050 
1.005 
1.000 
1.016 
1.361 

2.462 

2.498 

4.097 

7.007 

14.608 

25.757 

45.624 

97.111 
170*978 
298, 702 


0*0014 
• 0010 
• 0006 
• 0002 
• 0000 
-•0004 
-.0024 

-.0051 

-.0051 

-.0073 

-.0097 

-.0133 

-.0172 

-.0216 

-.0295 

-.0360 

-•0412 


42.3 

81.8 

110*7 

130*3 

139.6 

157.3 

218.6 

275.3 

276.4 
308.7 

337.0 

368.5 

369.0 

407.1 

42 7.8 

441.5 
453.4 


>.0137 

.0136 

.0134 

.0133 

.0132 

• 0131 
.0125 

.0117 

.0117 

• OH 1 
.0105 

.0096 

.0090 

.0082 

.007 2 
» 0064 
.0055 


3.1852 
3. 1796 
3. 1630 
3.1421 
3.1225 
3.1111 
3.0866 
2.9493 

2.7109 

2.7049 

2.4914 

2.2430 

1 • 8808 
1.5942 
1. 3134 

.9862 
• 8018 
.6840 


). 05537 
,05466 
.05356 
.05203 
.05071 
.04999 
.04851 
.04178 

.03318 
.03300 
. 02701 
•02121 

.01429 

.00978 

.00606 

.00255 

•00103 

•00032 


1.0233 

1.0184 

1.0046 

.9883 

.9736 

.9654 

.9483 

.8627 

.7361 

.7331 

- .6325 

- .5248 

- .3815 

- .2777 

- .1838 

- .0857 

- .03BO 

- .0129 




ft » 1.50. PERCENT FUEL 

= 7.74. O/F 

1.905 



1.00 

3219 

3206 

0.0350 

.0347 

2.120 

0*0017 

37.6 

0.0120 

1.9992 

1.9899 

0.03449 

*03400 

-0.6756 
- .6690 


3169 

• 0340 

1.240 

• 0012 

72.4 

.0119 

1.9637 

.03266 

- .6507 


3127 

• 0331 

1.051 

• 0007 

9*i .9 

.0117 

1.9320 

.03114 

- .6292 



.0323 

1.005 

• 0003 

115.3 

.0116 

1.9032 

,02983 

- .6103 

1.72 

3071 

.0318 

1.000 

*0000 

123.9 

*0115 

1.6866 

•02910 

- .5995 


3031 

,0309 

1.016 

-.0005 

139.2 

.0113 

1.8526 

.02767 

- .5780 

4.00 

2853 

.0265 

1*357 

-•0030 

193.2 

.0106 

1.6765 

.02125 


10.00 
10.71 
20* uO 

40.00 

2626 

• 0199 

2.439 

-.0069 

243.0 

.0095 

1.4086 

.01364 

- .3340 

2621 

• 0197 

2.474 

-•0070 

244.0 

.0095 

1.4026 

.01348 

- .3309 

2455 

• 0140 

4.027 

- * 0 J 0 5 

272.2 

• 008 7 

1.1931 

•00880 

- .2329 

2281 

.0071 

6.605 

- *0 149 

296.6 

.0078 

.9827 

. 0049B 

- .1440 

100*00 

20 3 7 

-.0027 

13.624 

-.0214 

323.4 

. 0066 

.7495 

.00176 

- .0586 

200 • 00 

1842 

-*0092 

23.661 

-•0256 

340*3 

• 0055 

• 6298 

•00060 

- *0229 

400*00 

1644 

-.0133 

40.495 

-.0264 

354.7 

• 0046 

.5593 

•00016 

- .0071 

1 000*00 

1393 

-.0158 

62.105 

-.0297 

370*6 

• 0036 

.5103 

.00002 

- .0010 

2000*00 

1220 

-.0167 

139.978 

-»0300 

300*6 

• 0030 

• 4869 

•00000 

- .0002 

4000.00 

1062 

-.0175 

236.311 

: -*0302 

38 9.2 

.0025 

• 4666 

■00000 

• 0000 



R * 2 • 00 » PERCENT FUEL 

= 5.92. O/F 

= 5.873 




1.00 1 

1.05 

1.20 

1.40 

1.60 

1.73 

2.00 

4.00 

3045 

3031 

2992 

2947 

2909 

2886 

2645 

2649 

0 OsA ^> lAlA >> 

rg ^ >1 'M N M "V 
OOOOOOOO 

2.126 

1.242 

1.052 

1.006 

1.000 

1.015 

1.348 

0*0020 
*0015 
.0009 
• 0003 
*0000 
-.0006 
-•0038 

34.4 

66.3 

09.7 

105.6 
113.8 
127.4 

176.6 

o.oioo 

.0098 

.0096 

.0094 

.0093 

.0091 

.0002 

1.3351 

1.3254 

1.29 Q 4 

1.2665 

1.2381 

1.2211 

1.1094 

1.0314 

0.01897 

.01858 

.01750 

.01629 

.01526 

.01467 

.01361 

.00899 

-0.4038 

- .3974 

- .3799 

- .3596 

- *3420 

- .3316 

- .3127 

- .2244 

10.00 
10*21 
20*00 

40.00 

2388 

2382 

2184 

1974 

.0092 

.0091 

.0028 

-.0028 

2.393 

2.427 

3.895 

6.456 

-•0087 

-.0008 

-.0128 

-.0164 

221.6 

222.4 

247.5 
268*9 

• 0069 
.0069 

• 0059 
.0049 

• 0231 
.8187 
.6852 
.58 q 9 

•00434 

•00425 

.00206 

.00079 

- .1226 
- .1206 

- .0650 

- .0282 

100*00 

200*00 

400*00 

1694 

1492 

1305 

-.0074 

-.0090 

-.0097 

12.741 

21.403 

36.042 

-.0192 
-•0 199 
-•0200 

291.6 
305.9 

317.7 

.0037 

• 0030 

• 0024 

• 4985 
.4656 
.4438 

.00015 

•00003 

•00001 

- .0066 

- .0017 

- *0003 

OOO 

000 

OOO 

00c 

OOO 

1084 

935 

boi 

-.0103 

-.0107 

-.0111 

71.914 
121.231 
2 q 4 « 08 7 

-•0200 
-• q 20 1 
“*0202 

330*6 

336.3 

343.2 

• 0019 
.0015 
•0013 

.4209 
.4053 
• 39 0 fe 

•00000 

.00000 

*00000 

• 0000 
.0000 
*0000 



K = 3.00. PERCENT FUtL 

= 4.03. O/F 

* 3.810 



1.00 

1.05 

1.20 

1.40 

1.60 

1.75 

2.00 
4.00 

2695 

2679 

2634 

2582 

2537 

2507 

2462 

2226 

0.0153 
.0149 
.0140 
.0125 
• 0H4 
.0107 
.0096 
.0044 

2.145 

1.251 

1.057 

1.00? 

1.000 

1.012 

1.320 

0*0025 
» 0 n 1 8 
.0011 

• 0004 

• 0000 
-•0006 
-•0030 

r 

30*3 

58.4 

78.9 

92.8 

101*1 

111*9 

154.3 

0.0059 
.0057 
.0054 
.0052 
• 0051 
.0049 
.0038 

0.7383 
.73 q 6 
• 7094 
.6054 
.6650 
.6513 
.6319 
.5411 

0.00555 

•00^33 

.00477 

.00416 

•00368 

.00337 

.00295 

.00131 

-0*1399 
1 - . 1355 
■ - .1236 

- .1105 

- .0997 

- .0927 

- .0830- 

- .0417 

10-00 

10*21 

20*00 

40*00 

1914 
190 7 
1687 
1475 

-.0004 

-.0005 

-.0022 

-.0030 

c.2/1 
2.301 
3.60 1 
3 « 03 1 

-.0067 

-•0067 

-•0076 

-•007b 

192.3 

193.0 

213.5 

230*6 

*0027 
• 0026 
• 0020 
• 0013 

.4689 

.4575 

.4232 

.4015 

.00032 

•00031 

•00008 

.00002 

- .0123 

- .0119 

- .0038 

- .ooo q 

100*00 

200*00 

400*00 

1224 

1057 

900 

-.0053 

-.0034 

-.0036 

11.232 

10.506 

30*867 

-.007 7 
-•0076 
“•0075 

240.4 
1 259.1 
| 260.1 

.0011 

*0009 
• 0007 

.3616 
.3682 
. 3559 

•00000 

.00000 

.00000 

- .0001 
.0000 
• 0000 

1000*00 

2000*00 

4000*00 

736 

62b 

527 

-.0037 
: -.0039 

-•0040 

60*444 

100*439 

100.664 

-.0073 
-.007 5 
-.0076 

2/7.6 
283.4 
| 200.2 

• 0005 
j *0004 
i *0004 

• 34 0 1 
.3292 
.3196 

.00000 
•00000 
• 00000 

.0000 
.0000 
i *0000 




TABLE III. - Continued. THERMODYNAMIC DERIVATIVES AT ASSIGNED PRES 

SURE RATIOS FOR LIQUID HYDROGEN WITH LIQUID OXYGEN 

[Equilibrium composition during isentropic expansion. Equivalence 
ratio, R; oxidant-fuel ratio, O/F.J 

(b) Concluded. Combustion-chamber pressure, 150 pounds per 
square inch absolute 


Preuure 

rotio, 

P /P 

Temp 

erotur* 

T, 

°K 

Temp- 

erature 

exponent 

"l 

Area 

ratio, 

t 

Area- 

roiio 

exponent 

n e 

Specific 

impufte, 

I, 

(«*)( «•*)/* 

Specific- 

tmpuli* 

•xponent 

n l 

Specific 

Neat, 

V 

l /d In TO \ 
|(^n>) T 

1 

/dlnTO \ 



R • 4* 

00. PERC 

ENT FUEL 

• 3.0 

5. 0/F 

■ 1.746 



1.00 

2363 

0*0064 





0.5005 

0*00142 

-0*0427 

1 .05 

2344 

.0061 

2.169 

0*0018 

27.5 

0*0026 

.4958 

.00134 

- .0405 

1*20 

2295 

*0053 

1*261 

• 0013 

52*8 

• 0024 

.4833 

•00112 

- .0349 

1.40 

2238 

.0044 

1*062 

•0007 

71.3 

.002 2 

■ 4699 

•00091 

- .0292 

1.60 

218b 

.0037 

1*010 

*0003 

83.8 

*0021 

• 4590 

.00075 

- .0247 

1*78 

2149 

• 0032 

1*000 

• 0000 

92.4 

• 0020 

*4509 

.00064 

- .0216 

2.00 

210? 

• 0027 

1*009 

“*0003 

100*9 

• 0018 

*4426 

•00053 

- .0185 

4.00 

1859 

.0005 

1.295 

— . 0016 

138*5 

.0013 

.4044 

•00016 

- .0065 

10.00 

1555 

-.0007 

2.187 

-•0021 

171.5 

• 0008 

.3757 

•00002 

- .ooii 

10*21 

1549 

- *00G 7 

2*215 

-*0021 

172.1 

.0008 

. 3752 

•00002 

- *ooii 

20*00 

1350 

-*0009 

3.431 

-•0021 

189.7 

*0006 

.3616 

*00000 

- *0002 

40*00 

1166 

-.0010 

5.506 

-•0021 

204.2 

• 0004 

.3500 

•00000 

•0000 

100*00 

953 

-*ooio 

10*485 

-•0020 

219.2 

•0003 

• 3353 

• 00000 

•0000 

200*00 

814 

-.oou 

17.201 

-*0020 

248. 1 

•0002 

.3244 

•00000 

• 0000 

400.00 

691 

-.0011 

28*301 

-•0019 

235.5 

•0002 

• 3140 

•00000 

•0000 

1000*00 

552 

“*0011 

54.731 

“•0019 

243.2 

.0001 

• 3012 

•00000 

• 0000 

2000*00 

463 

-.0012 

90*095 

-*0020 

247.9 

• oooi 

.2928 

*00000 

♦ 0000 

4000.00 I 

387 

-.0012 

148.169 

-•0020 

251.7 

• oooi 

.2864 

j *00000 

• 0000 



ft ■ 5.00* PERCENT FUEL 

* 2.45. 0/F 

= 9.683 



1.00 

2066 

0*0021 





0*4020 

0.00033 

-0*0118 

1 .03 

2048 

•0020 

2.188 

0*0008 

25.2 

0.0009 

*3996 

*00030 

- *0109 

1.20 

1998 

.0016 

1.269 

*0005 

48.4 

• 0008 

• 3934 

•00024 

- .0089 

1.40 

1941 

.0012 

1.066 

•0003 

65.3 

• 000 7 

*3869 

•00018 

- *0070 

1.60 

1892 

*0010 

1.011 

*0001 

76.7 

• 0006 

*3818 

•00014 

- .0056 

1.80 

1850 

*0007 

1.000 

• 0000 

85.2 

• 0006 

*3777 

•000 11 

- *0046 

2.00 

1812 

*0006 

1.007 

-•0001 

92.2 

*0005 

.3742 

•00009 

- *0038 

4.00 

1578 

*0000 

1.281 

-•0004 

126.2 

*0003 

.3570 

•00002 

- *ooio 

10*00 

1303 

-.0002 

2.144 

-.0005 

155.7 

.000 2 

• 34U 

•00000 

- *0001 

10*21 

1298 

-.0002 

2.171 

-•0005 

156*3 

• 0002 

• 34 0 8 

•00000 

- >0001 

20*00 

1122 

-*0002 

3.343 

-*0004 

171.9 

•oooi 

•33 0 9 

•00000 

•0000 

40*00 

961 

-*0003 

5.332 

-•0004 

184.7 

• oooi 

• 32 0 9 

•00000 

•0000 

100*00 

778 

-*0003 

10*068 

-•0004 

197.9 

• oooi 

.3076 

•00000 

•0000 

1 200*00 

658 

-•0003 

16.403 

-•0004 

205.6 

• oooi 

2979 

•00000 

• oooo 

400*00 

5 54 

-*0003 

26. 799 

-•0004 

212.0 

*0000 

• 2 B8 7 

•00000 

•0000 

1000*00 

438 

-*0003 

51.350 

-•0004 

218.7 

• oooo 

2782 

•00000 

• oooo 

2000*00 

365 

"*0003 

83.996 

-•0004 

222*6 

•0000 

2728 

•00000 

• oooo 

4000*00 

303 

"*0003 

137.472 

-*0004 

225.9 

• 0000 

2693 

•00000 

• oooo 



TABLE III. - Continued. THERMODYNAMIC DERIVATIVES AT ASSIGNED PRES- 
SURE RATIOS FOR LIQUID HYDROGEN WITH LIQUID OXYGEN 

[Equilibrium composition during isentroplc expansion. Equivalence 
ratio, R; oxidant-fuel ratio, O/F.j 

(c) Combustion-chamber pressure, 300 pounds per square inch absolute 


Pressure 
ratio, 
f> t? 


Temp- Temp- l 

ero»ure,j erotur* Area 

T, j exponent, ro !l°' 

Area- 

ratio 

[ ■ ■ ’ 

Specific Sf»cibc- 

impulse, im P ujs * 

Specific 

heat. 

/d In TO \ 

/d In TO \ 

exponent, 

j exponent. 

c 

lain P ) 

(d ln T k 

"K ! n, f 

n e 

llbKteti/fc n j 

tol/l£W.< 

' 'T 

- - \ 




R 3 0. 

15* PERCENT FUEL 

: 45,65* G/F 

= 1.190 



1*00 

1183 

0*0000 





1*7752 

0.00000 

0*0000 

1.0b 

1168 

♦ 0000 

2.250 

0*0000 

47*4 

0*0000 

1.7710 

•00000 

• oooo 

1.2C 

112V 

*0000 

1.297 

• oooo 

90*0 

• oooo 

1.7597 

.00000 

• oooo 

1*40 

106b 

*0000 

1.001 

*0000 

122*2 

• oooo 

1.7472 

•00000 

• oooo 

1.60 

1049 

.0000 

1.016 

• oooo 

143*2 

• oooo 

1.7369 

-00000 

• oooo 

1.0 7 

1008 

.0000 

1.000 

• oooo 

163.4 

• oooo 

1.7257 

*00000 

• oooo 

2*00 

989 

•0000 

1.003 

• oooo 

171.5 

• oooo 

1.7210 

•00000 

• oooo 

*•00 

024 

.0000 

1.233 

• oooo 

232.3 

• oooo 

1.6025 

.00000 

• oooo 

10.00 

643 

.0000 

1.974 

• oooo 

203. 1 

• oooo 

1.6505 

*00000 

• oooo 

20* O0 

532 

*0000 

2.902 

*0000 

309.9 

*0000 

1.6344 

.00000 

• oooo 

20. M 

829 

•0000 

3.020 

• oooo 

310.6 

• oooo 

1.6339 

.00000 

• oooo 

*0*00 

439 

• 0000 

4.620 

• oooo 

330*4 

• oooo 

1.6267 

•00000 

• oooo 

100*00 

3 40 

• 0000 

0.432 

• oooo 

350*8 

• oooo 

1.6099 

•00000 

• oooo 

200*00 

200 

• ooco 

1 3.4 31 

• oooo 

362.6 

• oooo 

1.5970 

•00000 

*0000 

40C«00 

230 

• cooo 

21.480 

• oooo 

372*0 

• oooo 

1.5571 

*00000 

• oooo 

1 000*00 

17b 

• 0000 

39.928 

* 0OQ0 

301.6 

• oooo 

1.4040 

•00000 

• oooo 

2000*00 

142 

-0000 

63.5/2 

*0000 

367.2 

• oooo 

1.4387 

•00000 

• oooo 

4000*00 

1 14 

• cooo 

ICO. 930 

• oooo 

391*6 

• 000 c 

1.4046 

. 00000 

• oooo 



R = 0*20. PtRCfcNT FutL 

= 30.65. G/F 

1.687 



1.00 

1514 

0*0000 





1.6180 

0.00000 

0.0000 

1.0b 

149 ? 

.ooco 

2.233 

0*0000 

49.3 

0.0000 

1.6144 

•00000 

■ oooo 

1.20 

1450 

.0000 

1.289 

*0000 

94.6 

. oooo 

1.6025 

.00000 

• oooo 

1.40 

1398 

• 0000 

1.077 

• oooo 

12'< .4 

• oooo 

1.5869 

*00000 

• oooo 

1 .60 

1354 

■ 0000 

1.016 

• oooo 

149.4 

• oooo 

1.5773 

. 00000 

• oooo 

1.8b 

130? 

*0000 

1*000 

*0000 

169.2 

• oooo 

1.5652 

*00000 

• oooo 

2*00 

1282 

*0000 

1.004 

• oooo 

179. 1 

• oooo 

1.5585 

*00000 

• oooo 

4.00 

1079 

*0000 

1*244 

• oooo 

24?. 2 

• oooo 

1.5046 

•00000 

• oooo 

10*00 

052 

.0000 

2*009 

♦ oooo 

297.2 

* oooo 

1.4516 

•00000 

• oooo 

2 0*00 

709 

*0000 

3*049 

• oooo 

325.9 

• oooo 

1.4232 

•00000 

• oooo 

20 * v; 

70b 

• 0000 

3*088 

• 0"00 

326.7 

*0000 

1.4225 

•00000 

• oooo 

40.00 

508 

.0000 

4.739 

• 0000 

348.0 

. oooo 

1.4065 

•00000 

• oooo 

100.00 

458 

.0000 

o.679 

• oooo 

370*0 

• oooo 

1.3913 

•00000 

• oooo 

200*00 

379 

• 0000 

13.870 

• oooo 

302.7 

• oooo 

1.3007 

*00000 

• oooo 

400*00 

312 

*0000 

22.296 

• oooo 

393.0 

• oooo 

1.3677 

•00000 

• oooo 

1000*00 

242 

• 0000 

41.979 

• oooo 

403 • 5 

• oooo 

1 . 34 0 2 

•00000 

• oooo 

2000*00 

19tt 

• 0000 

67.687 

• oooo 

4Q9.7 

• oooo 

1.2977 

•00000 

• oooo 

4000*00 

161 

.0000 

100. 755 

• oooo 

414.6 

• oooo 

1.2571 

.00000 

• oooo 



R ^ 0.2b* Pfc.RC.fc.NT FUEL 

= 33.51. U/F 

=■ 1.984 



1 .CO 

1017 | 

0.0001 





1.5015 

0*00002 

-0.0006 

1.05 

1797 

• oooi 

t • 2 10 

0*0001 

50*3 

0.0001 

1.4971 

*00002 : 

- • 000b 

1.20 

1745 

• ooci 

1.283 

• oooo 

96.6 

.0000 

1.4852 

.00001 

- .0004 

1.40 

1686 

.0000 

1.073 

• oooo 

130*1 

• oooo 

1.4719 

•00001 

- .0002 

1 .60 

1636 

.0000 

1.015 

• oooo 

152.7 

• oooo 

1 • 46 09 

.00000 

- .0002 

1.63 

1507 

.0000 

1.000 

• oooo 

171.0 

-oooo 

1.4498 

•00000 

- -oooi 

2.00 j 

1555 

.0000 

1.005 

• oooo 

183.1 

• oooo 

1.4425 

. 00000 

- .0001 

4.00 | 

1322 

.0000 

1.2 56 

• oooo 

249.3 

• oooo 

1.3875 

*00000 

• oooo 

10*00 

1057 

• 0000 

2.048 

• oooo 

305*6 

• oooo 

1. 3226 

•00000 

• oooo 

2o.oo ; 

687 

.0000 

3. 127 

• oooo 

335.7 

• oooo 

1.2049 

•00000 

• oooo 

20.41 | 

682 

.0000 

3.166 

• oooo 

336.5 

• oooo 

1.2038 

*00000 

• oooo 

40*00 ! 

741 

• 0000 

4.883 

• oooo 

359.0 

• oooo 

1*2560 

•00000 

• oooo 

100-00 i 

501 

• 0000 

0.905 

• oooo 

302.4 

• oooo 

1*2321 

*00000 

• oooo 

200*00 ! 

402 

• 0000 

14.396 

• oooo 

396.9 

• oooo 

1*2192 

.00000 

• oooo 

400.00 

399 

• ooco 

23*200 

• oooo 

406*0 

• oooo 

1*2099 

•00000 

• oooo 

1000*00 

3 10 

.0000 

43.094 

• oooo 

416.1 

• oooo 

1*1949 

.00000 

• oooo 

1 2 000.00 

256 

.0000 

71.280 

• oooo 

424.7 

• oooo 

1*1001 

.00000 

• oooo 

[4000*00 

210 

.0000 

115.650 

• oooo 

430*2 

• oooo 

1. 1475 

•00000 

• oooo 

! 


9 - 0.30. PERCENT FUfcL 

-29.57* 0/F 

= 2.301 



1.00 ! 

2093 

0*0000 





1.4230 

0*00014 

-0*0038 

l.ob : 

2072 

.0007 

^ • 206 

0*0003 

50*8 

0.0003 

1.4174 

.00013 

- .0035 

l.r-'O 

2016 

• 0005 

1.277 

•O r '02 

97*5 

.0003 

1.4027 

•00010 

- .0026 

1.4C 

1952 

.0004 

1.070 

• oooi 

131.4 

.0002 

1.3869 

.00007 

- .0019 

1.6C 

1097 

• 0002 

1.013 

• oooo 

154.2 

• 0002 

1.3740 

.00005 

- .0014 

1 • a t 

1046 

• 0002 

*.000 

• oooo 

172.7 

• 0002 

1.3623 

•00003 

- .0010 

2 » 00 

10 09 

.0001 

1.006 

• oooo 

105.1 

• 0002 

1.3539 

•00003 

- *0000 

4 . 0C 

1553 

.0000 

1.266 

-.0001 

252.6 

.0001 

1.2994 

.00000 

- *0001 

1 0 * OC 

1257 

-.0001 

2.305 

-.0001 

310*4 

• oooo 

1.2336 

.00000 

• oooo 

2 0 * 00 

i 064 

-.0001 

3.206 

-«ooo i 

341.7 

• oooo 

1. 1091 

<00000 

• oooo 

2 0 • 4 i 

105 9 ; 

-•0001 

3.240 

-.0001 

342.5 

• oooo 

1.1070 

.00000 

• oooo 

4 0.00 

. 095 ' 

-.0001 

5.037 

- • 000 1 

366*0 

• oooo 

1.1531 

.00000 

.000*) 

; 100*00 

| 7 o 7 . 

-.0001 

9.325 

-•0001 

390- 5 

• oooo 

1.1173 

•00000 

• oooo 

! COO *00 

5 90 

-.0001 

14.993 

• oooo 

404.0 

• oooo 

1.1008 

•ooooo 

•00001 

i 400*^0 

| 490 

-.0001 

24.234 

• oooo 

416.3 

• oooo 

1.0065 

*00000 

*0000; 

| 1 000*00 

1 

3 6 3 

-.0001 

4c. 000 

• oooo 

42 0.3 

• 000 c 

1*0745 

*00000 

• oooo 

| 2 COO* 0O 

! Jl ? 

-•OCCI 

74.914 

• oooo 

4 .s 6 . 4 

• oooo 

• 1.0O37 

*00000 

; *0000 

i 4000*00 

1 

-.0001 

122. 109 

-•000. 

44 1.2 

•0000 ^ 1*0=23 

*00000 

[ *0000 



TABLE III. - Continued. THERMODYNAMIC DERIVATIVES AT ASSIGNED PRES 

SURE RATIOS FOR LIQUID HYDROGEN WITH LIQUID OXYGEN 

[Equilibrium composition during isentropic expansion. Equivalence 
ratio, R; oxidant-fuel ratio, 0/F.] 

(c) Continued. Combustion-chamber pressure, 300 pounds per 
square inch absolute 


Pressure 
ratio, ' 

p c /p ] 

Temp 

eroture. 

Temp- 1 
erature 

Area 

ratio. 

Area- 

ratio 

Specific 

impulse, 
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• 0004 

131.7 

• 000 8 

1.3398 

. 00031 

- .0079 

1.60 

2139 

.0011 

1.012 
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TABLE III 


Continued. THERMODYNAMIC DERIVATIVES AT ASSIGNED PRES 


SURE RATIOS FOR LIQUID HYDROGEN WITH LIQUID OXYGEN 

[Equilibrium composition during isentropic expansion. Equivalence 
ratio, R; oxidant-fuel ratio, O/F.] 

(c) Continued. Combustion-chamber pressure, 300 pounds per 
square inch absolute 
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TABLE III 


Continued. THERMODYNAMIC DERIVATIVES AT ASSIGNED PRES 


SURE RATIOS FOR LIQUID HYDROGEN WITH LIQUID OXYGEN 


[Equilibrium composition during isentropL: expansion. Equivalence 
ratio, R; oxidant-fuel ratio, O/F . ] 

(c) Continued. Combustion-chamber pressure, 300 pounds per 
square inch absolute 


Prenure 

ratio, 

P c /f* 

Temp- 

erature, 

Temp- 

erature 

Area 

ratio, 

e 

Area- 

ratio 

Specific 

impuUe, 

Specie - 
impol-e 

Specific 

heat, 

/d In VI \ 

fd In TO \ 

T, 

°K 

exponent, ■ 
1 "T 

exponent, 

n t 

X, 

exponent, 

n I 

V 

col/lflVxi 






R = l.OOi PERCENT FUEL 

a 11.19 » 0/F 

• 7.937 



1*00 

3437 

0.0405 





2.0811 

0*05123 

-0.9244 

1.05 

3423 

• 0403 

2.120 

0»0014 

42.9 

0.0133 

2.8760 

•05076 

- .9197 

1.20 

3384 

.0396 

1.239 

• ooio 

82 .6 

.01; 2 

2.8611 

.04948 

- .9067 

1.A0 

3341 

.0389 

1 .051 

.0006 

111.7 

• oi; l 

2.8421 

.04800 

- .8912 

1.60 

3304 

.0382 

1.005 

■ 0002 

131.5 

■ 0U9 

2.8243 

.04672 

- .8773 

1.72 

3284 

.0378 

1.000 

■ 0000 

141.3 

.01,9 

2.8130 

.04601 

- .8693 

2.00 

3244 

.0371 

1 .016 

-.0004 

158.6 

.0117 

2.7914 

• 04460 

- .8532 

<♦.00 

3065 

• 0336 

1.359 

-.0024 

220.4 

.01. i 

2.6657 

.03011 

- .7719 

10.00 

2847 

.0289 

2*453 

-•0052 

2 7 7.3 

.01. 3 

2.4459 

•02906 

- .6519 

20*00 

2692 

.0251 

4.076 

-•0075 

311.1 

• Qit 7 

2.2431 

.02398 

- .5541 

20.41 

2687 

.0250 

4*140 

-.0075 

312.0 

• on 6 

2.2367 

.02381 

- .5512 

40.00 

2542 

.0209 

6.9 59 

-•oioo 

339.4 

• Ql<0 

2.0143 

.01851 

- .4532 

100.00 

2349 

• 0 144 

14.469 

— *0 14 1 

370*9 

• 00 2 

1.6831 

.01209 

- .3207 

200*00 

22 03 

.0084 

25.445 

-* 0 100 

391.3 

.0085 

1.4246 

.00801 

- .2268 

4Q0.00 

2052 

.0014 

44.925 

-.0228 

409.3 

• 00 7 7 

1.17?0 

* 00475 

- .1443 

1000.00 

1839 

-.0094 

95.113 

-•0303 

429.9 

• 006 7 

.8997 

■00185 

- .0626 

2000*00 

1663 

-.0171 

166.760 

-•0360 

443.3 

• 00 5 8 

. 7520 

•00070 

— . Q2 6q 

4000.00 

1493 

-.0227 

290.406 

-*0400 

455.0 

• 0050 

.6606 

*00020 

- *0083 



R = 1*50. PERCENT FUEL 

= 7.74. O/F 

1.905 



1.00 

3297 

0.0338 





1 .8003 

0* 03o75 

-0.5921 

1.05 

3282 

.0335 

2 .123 

0*0017 

37.9 

0.0 li 5 

1.7919 

.03029 

- .5859 

1.20 

3243 

.0327 

1.241 

• 0012 

7^.0 

.01.4 

1.7680 

.02902 

- .5689 

1.40 

3198 

.0318 

1.052 

• 0007 

98.7 

.01.4 

1.7391 

.02758 

- .5480 

1.40 

3159 

.0309 

1.005 

• 0003 

116.2 

• 01 0 

1.7131 

.02635 

- .5312 

1.73 

3137 

.0304 

1.000 

• 0O00 

125.0 

.010 

1.6977 

•02565 

- .5210 

2.00 

3096 

.0295 

1.015 

-.0005 

140*2 

• 0l< « 

1.6672 

.02432 

- .5012 

4.00 

2904 

.0249 

1.354 

-.0031 

194.6 

• on o 

1.5078 

•01834 

- .4053 

10.00 

2661 

.0179 

2.427 

-.0071 

244.6 

.001 9 

1.2677 

.01140 

- .2780 

20.00 

2478 

• oils 

3.y97 

-.0108 

273.8 

• 00* 1 

1.0774 

.00711 

- .1886 

20.41 

2472 

• 01 16 

4.056 

-.0110 

274.6 

.001 0 

1.0719 

.00700 

- .1862 

40.00 

2291 

*0050 

6.734 

-.0151 

298.2 

• 00 1 

.8963 

.00307 

- .1128 

100.00 

203 2 

-.0040 

13.621 

-•02U 

324.6 

.0039 

• 7030 

.00129 

- .0437 

200*00 

183C 

-.0093 

23.271 

-•0245 

341.5 

• 00*- 9 

• 6o?0 

•00043 

- .0167 

400*00 

1629 

-*0 1 25 

39.732 

-•0264 

355.8 

• 00‘ 1 

-5500 

•OOOil 

- .0051 

1000.00 

13 79 

-.0144 

80.499 

-.0273 

371.5 

*00 ; 2 

• 5o?2 

.00001 

- .0007 

2000*00 

12 0 7 

-.0152 

137.214 

-•0276 

381.4 

• 00- 7 

.4050 

.00000 

- -oooi 

4000*00 

1050 

-.0159 

233.567 

-.0278 

389.8 

•00< 4 

• 4650 

•00000 

*0000 



R * 2*00i PERCENT FUEL 

* 5.92. O.F 

=■ 5.873 



1.00 

3103 

0.0262 





1.2138 

0*01648 

-0.3472 

1.05 

3088 

.0258 

2.129 

0*0020 

34.7 

0.00‘ 3 

1.2052 

•01611 , 

- .3414 

1.20 

3046 

• 0249 

1.243 

• 0015 

66.7 

• 00‘ 4 

1.1812 

.01513 

- .3255 

1 .40 

; 2998 

*0237 

1.053 

• 0009 

90*2 

*00‘ 0 

1.1528 

.01402 

- . 30721 

1.60 

| 2957 

.0226 

1.006 

. 0003 

106.2 

* 001 8 

1.1276 

.01309 

- .2914 

1.73 

i 2932 

.0222 

1.000 

• oooo 

114.7 

.001 7 

1.1122 

.01255 

- .2819 

2.00 

! 2089 

• 0211 

1.014 

-.0006 

128.2 

• 00* 3 

1.0844 

.01160 

- .2651i 

4.00 

| 2679 

.0155 

1.344 

-.0038 

177.5 

• 00 5 

.9449 

( 

.00749 

- .1868; 

10.00 

2402 

.0076 

2.379 

-.0086 

222.6 

• 00' 3 

* 7644 

.00348 

- .0990 

20.00 

2188 

.0017 

3.861 

-.0123 

240.5 

• 00: 3 

.6477 

.00160 

- .0512 

20*41 

2181 

.0015 

3.9 18 

-.0124 

249 ,2 

.00! 4 

.6447 

•00156 

- .0501 

40.00 

1970 

-.0031 

6.385 

-.0153 

26‘, .8 

• 00‘ 3 

.5611 

•00060 

- .0218 

100.00 

1686 

-.0068 

12.580 

-•0174 

292.5 

• 00 3 

.4923 

■00012 

- .0051 

200.00 

1483 

-.0080 

2 1. 125 

-•0179 

306.5 

.00. 6 

.4632 

.00003 

- .0013 

400*00 

1297 

-.0006 

35.572 

-•0180 

310.2 

• oo. i 

.4427 

.00000 

- *0002 

1 000*00 

: 10 76 

-.0092 

70*973 

-•0180 

331.0 

•00 6 

* 4 2 0 1 

>00000 

• OOOO 

2000* 'tO 

929 

-.0095 

119.641 

-•0180 

336.9 

• 00 4 

*4046 

•00000 : 

• oooo 

4000*00 

797 

-.0099 

2Q1.392 

-»0 1 8 2 

345.5 

*00 i 

*3900 

*00000 ! 

• oooo 



R “ 3-00. PERCENT FUEL 

= 4,03. 0. F 

* 3.810 



1*00 

[ 

2723 

0*0136 





0 • 69o 9 

0 .00463 

-0.1169 

1.05 

2705 

.0132 

2. 148 

0-0023 

30.5 

0.00‘ 4 

.6042 

.00445 

- .1131 

1.20 

2656 

.0122 

1.252 

• 0017 

58.6 

.00' 0 

.6659 

.00396 i 

- *1029 

1.40 

2604 

.0110 

1.058 

• ooio 

79.2 

• 00* 8 

.6451 

•00344 ; 

- .0917 

1.60 

2556 

.0100 

1.008 

• 0004 

93.1 

• 00' 0 

.6275 

.00303 

- .0825 

1.76 

2523 

.0093 

1.000 

• oooo 

10 1 *6 

.00’ 5 

.6155 

.00276 

- .0763 

2.00 

2477 

.0083 

1.012 

-.0006 

112.2 

• 00- 3 

.5991 

.00241 

- .0682 

4.00 

2232 : 

.0036 

1.317 

-.0034 

154.7 

.00 3 

.5216 

.00106 

- .0338 

10.00 

1914 

-.0005 

2.261 

-.0058 

192.6 

• 00. 3 

.4517 

.00026 

- .0099 

20*00 

1684 

-.0020 

3.584 

-.0005 

213.0 

*00 7 

.4206 

.00007 

- .0030 

20*41 

1678 ; 

— • 002 0 

3.634 

- » 0065 

214.4 

• 00 7 

.4199 

•00006 

- .0029 

40.00 

1472 | 

-.0026 

5.802 

-.0066 

230-8 

• 00 3 

.40 0 7 

•OOOOl 

- *0007 

100.00 

1222 i 

-•0028 

11.177 

-•0065 

248.6 

• OO' 9 

.3813 

*00000 

- -oooij 

200*00 

1055 1 

-.0030 

16.498 

“*0065 

259.3 

*00' 7 

. 3680 

.00000 

♦ 0000! 

: 4oo.oo 

906 

-.0031 

30.718 

-•0064 

268.2 

.00' 6 

. 3557 

*00000 

*0000; 

1000*00 

735 

-.0032 

60*154 

-•0064 

277.7 

*00' 3 

.3399 

•00000 

*0000 

: 2000.00 

623 

-.0033 

99.956 

-•0064 

283.5 

.00' 4 

. 3291 

*00000 

• oooo 

; 4000*00 

526 

-.0034 

165.857 

-•0065 

2 0 6 . 3 

•00' 3 

.3195 

•00000 

•oooo 



TABLE III 


Continued. THERMODYNAMIC DERIVATIES AT ASSIGNED PRES 


SURE RATIOS FOR LIQUID HYDROGEN WITH LIQUID OXYGEN 

[Equilibrium composition during isentropic expansion. Equivalence 
ratio, R; oxidant-fuel ratio, O/F.j 

(c) Concluded. Combustion-chamber pressure, 300 pounds per 
square inch absolute 


r ........ ..... 

Presjure 

ratio, 

P c /P 

Temp- 

erature, 

T, 

°K 

Temp 

erature 

exponent. 

Area 

ratio, 

e 

Area- 

ratio 

exponent, 

"e 

Specific 

impulie, 

I. 

Specific - 
impulse 
exponent, 
n l 

Specific 

Heat, 

C p* 

cd/lgi< 0 Kl 

/d In TO \ 
(din P j T 

/dln'JTI \ 
{*'» T /p 

... . ,_l 



R = 4 . 00 . PERCENT FULL 

= 3 . 05 . O/F 

1.746 



1.00 

2372 

0*0055 





0*4636 

0.00116 

- 0.0351 

1.05 

2 354 

.0052 

2.172 

0*0015 

27.5 

0.0022 

.4796 

.00109 

- .0333 

1.20 

2303 

.004 5 

1.262 

• 0011 

32.9 

.0021 

.4689 

.00091 

- .0287 

1.40 

2244 

.003 7 

1.063 

• 0006 

71.4 

.0019 

.4574 

.00074 

- .0239 

1.60 

2194 

• 003 1 

i-oio 

• 0003 

83.9 

.0018 

.4481 

. 00061 

- .0203 

1.76 

2153 

*002 7 

1.000 

• oooo 

92.6 

• 0017 

.4412 

.00062 

- .0177 

2.00 

2110 

.0022 

1*009 

-.0003 

101- 0 

.0016 

.434 1 

.00043 

- .0151 

4.00 

18 59 

*0004 

1.294 

-.0013 

136.6 

• ooii 

.4010 

.00013 

- .0053 

10*00 

1555 

-.0006 

2.164 

-• oo 18 

171.6 

• 0006 

.3749 

•00002 

" *0009 

20.00 

1349 

“-0007 

3 . 42 a 

-.0018 

189.6 

• 000 5 

. 3614 

•00000 

- .0002 

20*41 

1343 

-.0008 

3.474 

-*0018 

196*2 

*0005 

• 3611 

•00000 

- *0002 

40*00 

1165 

-.0008 

5.499 

-. 00 1 7 

204.2 

*000 3 

. 3499 

•00000 

• 0000 

100*00 

952 

-.0009 

10*472 

-« onl 6 

219.2 

• 0002 

• 3352 

.00000 

• 0000 

200*00 

813 

-• 000 * 

1 7.179 

-* 0016 

226.1 

• 000 * 

■ 3243 

*00000 

• 0000 

400.00 

690 

-.0009 

28.266 

-•0016 

235.5 

• 0002 

. 3139 

•00000 

• oooo 

1000.00 

552 

-.0009 

54.663 

-•0016 

243.2 

• 0001 

.3012 

•00000 

• 0000 

2000*00 

463 

-.0010 

89.984 

-•0016 

247.9 

• oooi 

.2926 

•00000 

• oooo 

4000*00 

386 

-.0010 

147.985 

-.0016 

251.8 

• oooi 

.2864 

•00000 

• oooo 



R = 5*00» PERC 

iNT fuel 

= 2 . 45 . O/F 

= 9.683 



1.00 

2069 

0*0018 





0.3966 

0.00027 

“ 0 • 009 7 

1.05 

2051 

.0016 

2.189 

0*0006 

25.2 

0.0007 

■ 3947 

• 00025 

- .0090 

1.20 

2000 

.0013 

1.2 70 

•0004 

46.5 

• 000 t 

.3693 

. 00020 

- -0074 

1 . 4 Q 

1942 

*0010 

1.066 

*0002 

65.4 

• 0006 

. 3635 

•00015 

- .0056 

1.60 ' 

i 1693 

• 0008 

1 .on 

• oooi 

76.8 

• 0005 

. 3 790 

.00012 

- .00^6 

1.80 ' 

1651 

• 0006 

1.000 

*0000 

85.3 

*0005 

. 3753 

•00009 

- .0036 

2.00 j 

! 1613 

.0005 

1.007 

“•0001 

92.2 

• 0005 

. 3722 

•00008 

- .0032 

4.00 

1578 

• 0000 

1.281 

-*0003 

126.2 

*0003 

. 3564 

*00002 

- .0006 

10-00 ! 

1303 

-.0002 

2.143 

- -0004 

155.8 

*0002 

• 3411 

*00000 

- .0001 

20*00 

1122 

-.0002 

3.342 

“•0004 

172.0 

• oooi 

• 3309 

*00000 

• oooo 

20-41 

1117 

-.0002 

3.366 

-•0004 

1 72.4 

• 000 A 

• 33 q6 

•00000 

• oooo 

40-00 

961 

-•0002 

5.330 

“•0003 

164.7 

• oooi 

• 32 0 9 

•00000 

• oooo 

100*00 

777 

-*0002 

10*066 

-•0003 

197.9 

• oooi 

• 3 o 76 

•00000 

• oooo 

200-00 

658 

-.0002 

16.399 

-•0003 

205.7 

• 0000 

' .2979 

•00000 

• oooo 

400-00 

j 554 

~ -0002 

26.792 

-•0003 

212.0 

• 0000 

• 2887 

•00000 

• oooo 

1000*00 

; 438 

“*0004 

51.336 

-•0003 

218.7 

• 0000 

i .2782 

•00000 

• oooo 

2000*00 

j 365 

— » 00 C 3 

83.976 

“•0003 

222-6 

• 0000 

; .2728 

•ooooo 

• oooo 

4000-00 

303 

-.0003 

137.439 

-•0003 

225.9 

• 0000 

.2693 

•ooooo 

• oooo 


















' " 1 





TABLE III. - Continued- THERMODYNAMIC DERIVATIVES AT ASSIGNED PRES- 
SURE RATIOS FOR LIQUID HYDROGEN WITH LIQUID OXYGEN 

[Equilibrium composition during isentropic e>pansion. Equivalence 
ratio, R; oxidant-fuel ratio, O/F.j 

(d) Combustion-chamber pressure, 600 pounds per square inch absolute 


Preisur* 

ratio, 

P c /P 

Temp- 

erature 

T, 

°K 

s 

Temp- 

erature 

exponent 

"l 

Area 

ratio, 

E 

Area- 

ratio 

exponent 

n £ 

Specific 

impulse, 

I, 

(■bH-O/* 

Specific 

impulse 

exponer-, 

"l 

Specific 

heat, 

v 

cot/te7<°K ! 

/d In TO \ 
(din P j T 

IdlnTO \ 



R a 0 * 

15. PERCENT FUEL 

* 45.65. Q/F 

* 1*190 



1.00 

1183 

0*0000 





1.7753 

0*00000 

0.0000 

1.05 

1166 

• 0000 

2.250 

0*0000 

47.4 

a.oooc 

1.7710 

•ooooo 

• oooo 

1.20 

1129 

*0000 

1.297 

• oooo 

90.8 

• oooc 

1.7597 

. ooooo 

• oooo 

1 .<*0 

1085 

.0000 

1.081 

♦ 0000 

122.2 

• oooc 

1.7472 

•ooooo 

.0000 

1.60 

1049 

• 0000 

1.018 

•OOOO 

143.2 

• oooc 

1.7370 

•ooooo 

• oooo 

1.87 

1008 

*0000 

1.000 

•0000 

163*4 

• oooc 

1.7256 

-ooooo 

• oooo 

2*00 

989 

*0000 

1.003 

•0000 

171.5 

• oooo 

1.7210 

• ooooo 

• oooo 

4.00 

824 

*0000 

1.233 

*0000 

232.3 

• oooc 

1.6624 

•ooooo 

• oooo 

10.00 

643 

*0000 

1.974 

• oooo 

283*1 

• oooo 

1.6506 

■ooooo 

• oooo 

20.00 

532 

• 0000 

2.983 

• oooo 

309.9 

• oooo 

1*6345 

• ooooo 

• oooo 

40*00 

439 

• oooo 

4.620 

• oooo 

330«4 

• oooo 

1.6269 

•ooooo 

• oooo 

40. B3 

437 

• 0000 

4.682 

• oooo 

330«9 

• oooo 

1*6267 

■ooooo 

• oooo 

100.00 

340 

• 0000 

8 .432 

*0000 

350*8 

• oooo 

1*6089 

•ooooo 

• oooo 

200*00 

280 

*0000 

13*431 

• oooo 

362*6 

• oooo 

1.5951 

•ooooo 

• oooo 

400*00 

230 

*0000 

21.488 

• oooo 

372.0 

• oooo 

1.5558 

•ooooo 

• oooo 

1000*00 

175 

*0000 

39.928 

• oooo 

381.6 

• oooo 

1.4652 

•ooooo 

• oooo 

2000.00 

142 

*0000 

63.572 

• oooo 

387.2 

• oooo 

1.4367 

•ooooo 

• oooo 

4000*00 

1 14 

*0000 

100*938 

•oooo 

391.6 

• oooo 

1.4039 

•ooooo 

• oooo 



R = 0* 

20. PERCENT FUEL 

= 38.65* Q/F 

- 1.587 



1.00 1514 

0*0000 





1*6187 

0 • ooooo 

0*0000 

! 1.05 

1497 

.0000 

2.233 

0*0000 

49.3 

0*0000 

1.6143 

• ooooo 

• oooo 

1.20 

1450 

*0000 

1.289 

• oooo 

94.6 

• oooo 

1*6024 

-ooooo 

• oooo 

1*40 

1398 

.0000 

1.077 

• oooo 

127.4 

• oooo 

1*5880 

• ooooo 

•oooo 

1.6Q 

1354 

* 00C 3 

1*016 

• oooo 

149.4 

• oooo 

1*5773 

-ooooo 

•oooo 

1.85 

1307 

.0000 

1.000 

• oooo 

169*2 

• oooo 

1*5651 

*00000 

•oooo 

2.00 

1282 

.0000 

1.004 

• oooo 

175.1 

• oooo 

1*5584 

•ooooo 

• oooo 

4*00 

10 79 

• 0000 

1*244 

• oooo 

243*2 

• oooo 

1.5046 

■ ooooo 

• oooo 

10*00 

852 

.0000 

2-009 

• oooo 

297.2 

• oooo 

1.4516 

• ooooo 

• oooo 

20*00 

709 

•0000 

3*049 

• oooo 

325.9 

• oooo 

1*4232 

•ooooo 

• oooo 

! 40*00 

588 

•0000 

4.739 

• oooo 

346.0 

•oooo 

1*4066 

•ooooo 

• oooo 

40*63 

585 

*0000 

4.8o2 

• oooo 

348.6 

• oooo 

1*4062 

•OOOOO 

• oooo 

100*00 

458 

*0000 

6.679 

•O'KJO 

370*0 

• oooo 

1*3916 

•OOOOO 

• oooo 

200.00 

3 79 

• 0000 

13.870 

• oooo 

362.7 

•oooo 

1 . 38 o 8 

•ooooo 

• oooo 

400.00 

312 

.0000 

22.296 

• oooo 

393.0 

• oooo 

1*3684 

•ooooo 

• oooo 

1000*00 

242 

•0000 

41.979 

*0000 

403.5 

• oooo 

1 • 34 0 2 

•ooooo 

• oooo 

2000*00 

198 

• 0000 

67.687 

• oooo 

409.7 

• oooo 

1.2976 

•ooooo 

• oooo 

4000*00 

161 

.0000 

108.754 

• oooo 

414.6 

• oooo 

1.2543 

•ooooo 

• oooo 



R * 0. 25 • PERCENT FUEL 

« 33.51. Q/F 

■ 1*984 



1.00 

1617 

0*0001 





1*4998 

0*00001 

-0.0004 

1.05 

1797 

.0001 

2.216 

0*0000 

50*3 

0*0000 

1*4955 

■ooooi 

- .0004 

1.20 

1745 

*0001 

1.263 

• oooo 

96.6 

• oooo 

1*4840 

•ooooi 

- .0003 

1.40 

16B6 

.0000 

1.073 

• oooo 

130*1 

• oooo 

1*4712 

•ooooi 

- • 0002 

1 .*0 

1636 

.0000 

1.015 

• oooo 

152.7 

• oooo 

1*4604 

* ooooo 

- .0001 

1.83 

1587 

.0000 

1.000 

• oooo 

171.8 

• oooo 

1*4494 

• ooooo 

- .0001 

2*00 

1555 

• 0000 

1.005 

• oooo 

163.1 

• oooo 

1.4423 

•ooooo 

- .0001 

4*00 

1322 

• oooo 

1.256 

• oooo 

249.3 

• oooo 

1*3874 

•ooooo 

• oooo 

10*00 

1057 

• 0000 

2.048 

*0000 

305.6 

■ oooo 

1*3225 

•ooooo 

• oooo 

20*00 

687 

• oooo 

3.127 

• oooo 

335.7 

• oooo 

1*2849 

• ooooo 

• oooo 

40*00 

741 

.0000 

4.883 

• oooo 

359.0 

• oooo 

1*2560 

•ooooo 

.0000 

40*83 

737 

. oooo 

4.949 

• oooo 

359.6 

• oooo 

1*2552 

•ooooo 

• oooo 

100*00 

561 

• oooo 

8.985 

• oooo 

382*4 

• 0Q00 

1*2321 

•ooooo 

*0000 

200*00 

482 

• oooo 

14.396 

• oooo 

395-9 

• oooo 

1*2169 

•ooooo 

• oooo 

400*00 

399 

*0000 

23.208 

• oooo 

406.6 

• oooo 

1*2100 

•ooooo 

• oooo 

1000.00 

310 

• oooo 

43.893 

• oooo 

418.1 

• oooo 

1.1949 

•ooooo 

• oooo 

2000*00 

256 

• ooco 

71.279 

• oooo 

424.7 

• oooo 

1*1810 

•ooooo 

• oooo 

4000*00 

210 

• oooo 

115.650 

• oooo 

430-2 

• oooo 

1*1465 

-ooooo 

• oooo 



R * 0-30* PERCENT FUEL 

* 29.57. Q/F 

= 2.381 



1.00 

2094 

0*0006 





1.4145 

0*00010 

-0.0027 

1*05 

2073 

• 0005 

2.206 

0*0002 

5C-8 

0.0002 

1.4097 ! 

.00009 

- • 00^5 

1.20 

2016 

.0004 

1.277 

*0001 

91 .5 

• 0002 

1.3967 : 

.00007 

- .0019 

1.40 

1952 

.0003 

1.071 

• 0001 

131.4 

• 0002 

1.3825 : 

•0000& 

- .0013 

1.50 

1898 

• 0002 

1.013 

• oooo 

154.2 

• oool 

1.3706 1 

.00003 ‘ 

- *0010 

1.02 

1847 

• 0001 

1.000 

•0O00 

172.7 

• oool 

1.3598 

•00002 1 

- *0007 

2*00 

1809 

*0001 

1.006 

• oooo 

163.1 

• 0001 

1-3519 

.00002 j 

- .0006 

4.00 : 

1553 

.0000 

1.266 

-•0001 

252.6 

• oool 

1.2991 

•ooooo 

- .0001 

10*00 

1257 

• oooo 

2.085 

-•0001 

3l0«4 

• oooo 

1.2336 

•ooooo 

• oooo 

20*00 

1064 1 

-.0001 

3.206 

•OOOO i 

341.7 

• oooo 

1. 1691 

•ooooo 

• oooo 

40*83 

891 1 

-.0001 

5.106 

• oooo 

366.6 

• oooo 

1.1522 

•ooooo 

• oooo 

40*00 

895 

-.0001 

5.037 

• oooo 

366.0 i 

• oooo 

1.1531 

•ooooo 

• oooo 

100*00 

707 

-*oooi 

9.324 

• oooo 

390*5 

• oooo 

1.1174 

•ooooo 

• oooo 

200.00 

590 

-.0001 

14.993 

•OOOO 

404.8 : 

• oooo 

1.1007 

•ooooo 

• oooo 

400*00 

490 

-.0001 

24.234 

• oooo 

416.3 

• oooo 

1.0867 

•ooooo 

• oooo 

1000*00 

383 

-.0001 

45.999 

• oooo 

428.3 

• oooo 

1.0746 

•ooooo 

•OOOOi 

2000»'>0 

317 

-•0001 

74.912 

• oooo 

435.4 

• oooo 

1.0638 

•ooooo 

• oooo 

4000*00 

262 

-.0001 

122. 1B5 

• oooo 

441.2 

• oooo 

1*0534 j 

•OOOOO i 

• oooo 



TABLE III. - Continued. THERMODYNAMIC DERIVATIVES AT ASSIGNED PRES 

SURE RATIOS FOR LIQUID HYDROGEN WITH LIQUID OXYGEN 

[Equilibrium composition during isentropic expansion. Equivalence 
ratio, R; oxidant-fuel ratio, 0/F . ] 

(d) Continued. Combustion-chamber pressure, 600 pounds per 
square inch absolute 


Pressure 

ratio, 

P c /P 

Temp- 

rature, 

T, 

°K 

Temp- 

erature 

exponent. 

Area 

ratio, 

C 

Area- ^ 
ratio 

exponent, 

n e 

Specific 

impulse, 

I. 

Specific- 

impulse 

exponent, 

n I 

Specific 

heat, 

c 

/dlnOTX 'J 
[din P n 

1 

din TO \ 

d in T 



R = 0*3 

4 percent fuel 

= 26.47 

. 0/F = 

2.778 



1.00 

1.05 

1.20 

1.40 

1.60 

1.81 

2.00 

4.00 

2 347T 

2325 

2266 

2198 

2140 

2089 

2046 

1771 

3.0019 

.0018 

*0014 

.0010 

.0008 

*0006 

.0004 

-.0001 

2.195 

1.273 

1*068 

1.012 

1.000 

1.007 

1.275 

>0007 

*0005 

• 0003 

• oooi 

• 0000 
-*oooi 

-*0003 

50-9 

97.7 

131. 8 
154.7 
172.3 

185.9 
254.1 

0.000? 

• 0007 

• 0006 

• 0005 

• 0005 

• 0004 

• 0003 

1.3691 

1.3621 

1.3440 

1.3249 

1.3099 

1.2974 

1.2874 

1.2291 

0*00042 

.00039 

.00030 

.00022 

•00017 

.00013 

•oooio 

•00002 

-O.olol 

.0093 
• 0074 

- .0057 

- .0044 

- .0035 

- .0028 
- .0006 

10*00 
20*00 
40*8 3 
40*00 

1461 

1238 

1045 

1050 

-.0002 

-.0002 

-•0002 

-•0002 

2.119 

3.281 

5.260 

5.188 

-•0003 

-.0003 

-•0003 

-•0003 

313.0 

345.1 
370.9 
370*3 

• 0001 

• oooi 

• oooi 

• oooi 

1.1655 

1.1204 

1.0783 

1.0794 

.OOOOO 

•OOOOO 

•OOOOO 

•OOOOO 

*0000 
• 0000 
• 0000 
• oooo 

100*00 

200*00 

400*00 

838 

702 

686 

-.0002 

“*0002 

-.0002 

9.676 

15.626 

25.350 

-•0003 

-•0002 

-•0002 

395. b 
4 1 0 » 8 
422*9 

• OOOl 

• 0000 
• 0000 

1.0365 

1.0118 

.9953 

•OOOOO 

•OOOOO 

•OOOOO 

•OOOO 

• oooo 

• oooo 

1000*00 
: 2000*00 
4000*00 

460 
382 
317 1 

-.0002 

-•0002 

-.0002 

48.288 

78.852 

128.949 

-•0002 

-•0002 

-•0002 

435.5 
44?. 1 
445*2 

*0000 
• 0000 
*0000 

.9789 

.9692 

.9590 

•OOOOO 
. OOOOO 
•OOOOO 

• oooo 

• oooo 

• oooo 



R = 0*40* PERCENT FUEL 

- 23*95. 0/F 

3.175 


1*00 

1.05 

1*20 

1*40 

1.60 

1.79 

2.00 

4.00 

2574 

2552 

2492 

2422 

2363 

2313 

2266 

1978 

0.0046 

.0043 

.0036 

.0028 

.0023 

.0018 

*0015 

*0001 

2.184 

1.268 

1.065 

1.0U 

1.000 

1*008 

1.284 

0*0014 
• 0010 
• 0006 
• 0002 
• 0000 
-.0002 
-•0009 

50-7 

97.5 

131.5 

154.5 

171.4 
185.7 

254.4 

0.0017 
• 0016 
.0014 
*0013 
.0012 
• oou 

.0007 

1.3697 

1.3599 

1.3344 

1.3072 

1.2856 

1.2685 

1.2533 

1.1787 

0.00120 

.00112 

.00091 

-00071 

•00057 

•00047 

•00038 

.00009 

-0.0266 

- .0250 

- .0208 

- .0167 

- .0136 

- .0113 

- .0095 

- .0025 

10*00 
2 0*00 
40.00 
40*83 

1637 

1408 

1204 

1199 

- » 000 5 

-.0005 

-.0006 

-.0006 

2.150 

3.351 

5.334 

5.409 

-*0011 
-. 00l 0 
-•001 0 
-•001 0 

314.1 

346.9 

372.7 

373.4 

• 0004 

• 0003 

• 0002 
• 0002 

1. Il09 
1.0669 
1*0253 
1.0242 

•ooooi 
* OOOOO 
•00000 
*00000 

- .0003 
■ 0000 
• 0000 
• oooo 

100*00 

200*00 

400*00 

970 

818 

687 

-.0006 

-.0006 

-.0006 

10*029 

16.282 

26.525 

-•0009 

-•0009 

-.0009 

399.1 

414.7 

427.4 

• 0002 
.oooi 
• oooi 

.9767 

.9478 

.9249 

•OOOOO 
. OOOOO 
. OOOOO 

• oooo 

• 0000 
• OOOO 

•1000*00 

2000*00 

4000*00 

| 542 
452 
376 

-.0006 

-.0006 

-.0006 

50*761 
83. 105 
136.261 

-*0009 

-•0009 

-*0009 

440*7 

448.6 

455.1 

• oooi 

• oooi 

• 0000 

.9037 

.8928 

.8835 

■OOOOO 

•OOOOO 

•OOOOO 

• OOOO 

• oooo 

• OOOO 


R = 0*' 

♦5. PERCENT FUEL 

= 21.87* 0/F 

=* 3.571 


1.00 

1.05 

1.20 

1.40 

1.60 

1.76 

2.00 

4.00 

2773 

2752 

2692 

2624 

2565 

2517 

2467 

2174 

0.0085 

.0081 

.0070 

.0059 

♦ 004 ? 
*0043 
.0036 

• 0006 

2.172 

1.263 

1.063 

1.010 

1.000 

1.009 

1.293 

0*0021 

• 0015 

• 0009 

• 0004 

• 0000 
-.0004 
-•0020 

50*4 

96.9 

130*8 

153.7 

169.6 
184.9 

253.7 

0.003 1 
.0029 

• 0027 

• 002 5 
.002 3 
*0022 
.0013 

1.4156 
1.4027 
1.3686 
1.3318 
1.3022 
1.2799 
! 1.2573 
1.1514 

0.00266 

.00251 

.00212 

.00174 

.00144 

.00123 

.00104 

•00031 

-0*0555 

- .0527 

- .0455 

- .0380 

- .0322 

- .0280 

- .0240 

- . 00^1 

10*00 

20*00 

40*00 

40*83 

1817 

1575 

1357 

1350 

-.0008 

-.0011 

-.0012 

-.0012 

2.182 

3.420 

5.476 

5.554 

-•0026 

-.0025 

-.0024 

-•0024 

314.1 

347.4 
37S.8 

374.5 

• 0009 

• 0007 
.0003 
.0005 

1*0682 

1.0237 

.9828 

.9816 

• 00004 

•ooooi 

•OOOOO 

•OOOOO 

- .0012 
- *0002 

• OOOO 

• OOOO 

100*00 

200*00 

400*00 

1104 

937 

792 

-.0012 

-.0013 

-.0013 

10.381 

16.950 

27.755 

-. 0*724 

-•0023 

-•0023 

401.0 

417.2 

430*4 

*000 3 
• 000 3 
.0002 

.9325 

.8996 

.8727 

•OOOOO 

•OOOOO 

•OOOOO 

• oooo 

• oooo 

• oooo 

1000*00 

2000*00 

4000*00 

629 
I 526 
439 

-.0014 

-.0014 

-.0014 

53.398 

87.714 

144.197 

' -.0023 
-•0023 
-*0023 

444.3 

452.7 

459.5 

• 0002 

• oooi 

• oooi 

.8465 

.8313 

.8210 

•OOOOO 

•OOOOO 

•OOOOO 

• oooo 
.0000 

• oooo 



R = 0- 

50* PERCENT FUEL » 20*J 

2 • 0/F 

■ 3.968 



1.00 
1*06 
1.20 
1 .40 
1.40 
1.77 
2. CO 
4.00 

1" 2944 
2923 
2866 
2800 
2742 
2699 
2647 
2356 

0.0131 
1 .0127 

• 0H4 
.0099 
.0087 
.0078 
.0068 

• 0C21 

2.162 

1.256 

1.061 

1.009 
1.000 

1.010 
1.303 

"I 

0*0026 

• 0019 

• 0012 

• 0005 

• oooo 
-.0006 
-.0032 

50*0 

96.1 

129.7 

152.5 

167.4 

183.5 
252.4 

0.0047 

• 0044 
.0042 
-0039 
.0038 

• 0036 
.0026 

1.5012 

1.4856 

1.4440 

1.3979 

1.3600 

1.3324 
1« 3008 
1.1551 

0.00493 

.00469 

.00409 

.00347 

.00298 

.00264 

.00227 

•00083 

-0.0983 

- .0943 

- .0837 

- .0723 

- .0633 

- .0568 

- .0497 

- .0202 

10.00 
20*00 
40*00 
I 40*83 

1990 
1737 
1 1507 
1501 

-.0010 

-.0018 

-.0020 

-•0020 

2.216 

3.491 

5.620 

3.701 

-•0047 

-•0049 

-•0048 

-•0046 

| 313.1 
346.9 
1 373.8 
374.5 

.0017 
• 0012 

• 0009 

• 0009 

1.04Q8 

.9888 

.9482 

.9471 

•00015 

.00003 

•00000 

•OOOOO 

- .0041 

- .0009 

- .oooi 

- «oooi 

• 100*00 
I 200*00 

1 400*00 

12 38 
1 1059 
900 

-.00 22 
-.0023 
-.0023 

10.736 

17.634 

29.032 

-•0047 

-*0046 

-•0046 

4Q1 • 7 
418.5 
432.2 

• 0007 

• 0003 

• 0004 

.8984 
• 8634 
.8333 

•OOOOO 

•OOOOO 

•o6doo 

.0000 

• OOOO 

• OOOO 

. 1000*00 
I 2000.00 

4nnn.oo 

720 

i 606 

507 

-.0024 
-•002 3 
-.0025 

56.203 

92.675 

152.844 

-•0046 
I -*0046 
-•0046 

. 446.7 
i 455.5 
! 462.7 

.0003 
; -0002 
• 0002 

; .8013 

.7841 
.7696 

*00000 

-OOOOO 

j *00000 

• oooo 

• OOOO 

• OOOO 



TABLE III. - Continued. THERMODYNAMIC DERIVATIVES AT ASSIGNED PRES 

SURE RATIOS FOR LIQUID HYDROGEN W ITH LIQUID OXYGEN 

[Equilibrium composition during isentropic expansion. Equivalence 
ratio, R; oxidant-fuel ratio, 0 /F.] 

(d) Continued. Combustion-chamber pressure, 600 pounds per 
square inch absolute 


Prtuwn 

ratio, 

V* 

Temp- 

erature 

T, 

°K 

Temp 

•rotor* 

exponent, 

Area 

ratio, 

C 

Area- 

ratio 

exponent, 

n e 

Specific 

impulse, 

I, 

"1 

; Specific 
| impulse 
exponent, 
n l 

Specific 

heat, 

V 

cat/ieH®Ki 

/d In TO \ 
(jin r) 7 

^einTO \ 



R = 3. 

60* PERCENT FUEL 

* 17.35* Q/F 

= 4.762 



1.00 

3208 

0.0226 





1.7671 

0.01210 

-0.2263 

1.05 

3189 

• 0221 

2.144 

0.0028 

46.8 

0.0078 

1.7482 

.01170 

- .2219 

1.20 

3137 

.0208 

1.250 

• 002 1 

93.8 

• 007 5 

1.6966 

•01063 

- .2047 

1.40 

3077 

.0192 

1.057 

*0013 

126.8 

.0073 

1.6375 

•00947 

1 - .1854 

1.60 

3025 

.0176 

1.007 

• 0005 

149.1 

• 0070 

1*5869 

-00052 

- .1693 

1.75 

2990 

.0169 

1.000 

*0000 

162.3 

.0069 

1.5531 

.00791 

- .1586 

2.00 

2938 

.0155 

1.012 

-•0008 

179.7 

• 0066 

1 . 504 1 

.00705 

- .1436 

4. ^0 

2669 

.0083 

1.323 

“•0048 

248.0 

• 0054 

1.2723 

.00352 

- .0779 

10.00 

2313 

• 0006 

2.268 

-• 0C9 1 

309.3 

• 0039 

1*0536 

•OOlOl 

- .0253 

20*00 

2050 

-.0027 

3.644 

-.0108 

343.7 

• 0030 

.9574 

•00029 

- .0001 

40*00 

1803 

-.0041 

5.9 26 

-•0113 

371.5 

• 002 3 

.8996 

•00006 

- .0019 

40-83 

1796 

-.0041 

6.013 

-•0113 

372.3 

• 0023 

.8983 

•00006 

- .0019 

100*00 

1506 

-.0047 

11.474 

-•0112 

400*7 

■ 0017 

• 6462 

•00000 

- *0002 

200*00 

1306 

-.0050 

19.054 

-•oiii 

418.4 

• 0013 

*6136 

-00000 

.0000 

400*00 

1125 

-.0052 

31.724 

-•Olio 

433.1 

• 0011 

• 7bo7 

•OOOOO 

•0000 

1000*00 

916 

-.0055 

62.2 74 

-•olio 

446.8 

•0008 

. 7420 

•00000 

*0003 

2000.00 

778 

*•0056 

103.640 

-•o 1 1 1 

456.4 

•0007 

.7177 

•ooooo 

•0000 

J.000-00 

658 

-.0058 

172.286 

-•Olli 

466.4 

• 0005 

.6983 

•00000 

•0000 



R s 0*70* PERCENT FuEL 

= 15.25* 0/F 

! 5.556 



1.00 

3381 

0.0307 





2.1301 

0*02284 < 

-0.4169 

1.05 j 

3364 

• 0303 

2.133 

0*0024 

47.4 

0.0103 

2.1115 

.02230 

- .4091 

1.20 

3317 

.0291 

1.245 

• 0018 

91.2 

.0101 

2*0594 

.02065 

- .3076 

1.40 

3263 

.0276 

1.054 

*0011 

123.3 

.0098 

1.9976 

.01921 

- .3620 

1.60 

3217 

.0286 

1.006 

*00Q<* 

145.2 

.0096 

1.9428 

•01783 

- .3412 

1.74 

3188 

*0258 

1.000 

♦ oooo 

157.0 

.0095 

1.9085 

.01699 

- .3200 

2.00 

3140 

.0246 

1.014 

-.0007 

175.1 

.0093 

1.8496 

.01560 

- .3055 

4.00 , 

2903 

.0173 

1.339 

-*0047 

242.3 

.0082 

1.5556 

.00954 

- .2000 

10*00 

2584 

• 0070 

2.356 

-•0106 

303.3 

■ 0066 

1.2090 

.00394 

- .0917 

20.00 

2337 

. 0000 

3.803 

-.0147 

338.3 

• 0054 

1-0195 

•00159 

- .0403 

4Q.OO 

208 B 

-.0048 

6.256 

-.0174 

366.8 

• 0043 

.9006 

•00050 

- .0139 

40*83 

2081 

-.0049 

6.350 

-.0175 

367.6 

• 004 3 

.8980 

•00046 

- .0135 

100.00 

1775 

-.0076 

12.271 

- . 0 1 6 6 

397.1 

• 0032 

.8183 

.00007 

“ .0023 

200.00 ! 

1558 

-.0083 

20.571 

-.0166 

415.7 

• 0026 

. 76o9 

•00001 

- •ooo* 

400*00 

1359 

-.0087 

34.597 

-.0166 

431.3 

.0021 

.7484 

•ooooo 

- *0001 

1000*00 

1125 

-.0093 

68.679 

— • 0 1 86 

44U.2 

. 00 16 

• 7q B 0 

•OOOOO 

■0000 

2000*00 

968 

-.0096 

115.835 

-•0187 

45P.6 

-0013 

.6798 j 

•ooooo 

• 0000 

4000.00 

828 

-.oioo 

194.445 

-•0186 

46'. .4 

*0011 

.6552 

•ooooo 

• oooo! 


g c 0.80, PERCENT FuEL = 13.60* 0/F 6.349 


1.00 

3481 

0.0364 





2.4909 

0.03537 

-0.631V 

1.05 

3465 

.0361 

2.126 

0*0018 

<*6.0 

0.0119 

2.4777 

.03402 

- .6249 

1.20 

3422 

.0352 

1*242 

• 0014 

o«*5 

.0110 

2.4401 

•03330 

- .6052 

1.40 

3373 

.0341 

1.052 

• 0000 

119.7 

• 0U6 

2.3938 

.03155 

- .3810 

1.60 

3331 

.0332 

1.006 

• 0003 

140.9 

♦ 0114 

2.3513 

•03003 

- .5609 

1*73 

3306 

• 0326 

1.000 

• 0000 

151.0 

• 0H3 

2.3254 

.02915 

- .5465 

2.00 

3261 

.0316 

1.015 

-.0006 

170.0 

• 0112 

2.2752 

-02752 

- .5249 

4.00 

3052 

.0260 

1.350 

-•0036 

235.7 

• 0 1 03 

2.0021 

.01991 

- .4058 

10*00 

2779 

.0170 

2.409 

-*0088 

29b. 0 

• 0090 

1.5823 

•01097 

- . 2 44"t 

20.00 

2568 

.0087 

3.944 

-.0139 

331.1 

.0080 

1.2725 

.00579 

- .1390 

40*00 

2346 

• 0000 

6.587 

-•0192 

360*1 

• 0060 

1.0267 

•00247 

- .0641 

40 • B3 

2340 

-•0002 

0.689 

-.0194 

360.0 

• 0060 

l*02fl7 

•00240 

- .0625 

100*00 

2042 

-.0003 

13.134 

-•0243 

391.4 

•0053 

• 0369 

.00055 

- .0139 

200*00 

1815 

-*0U3 

22.231 

-.0250 

4 lO . 6 

• 0043 

. 7683 

•00013 

- .0041 

400*00 

1602 

-.0126 

37.727 

-*02fe 1 

427.3 

• 0035 

. 7287 

•00002 

- .0008 

looo.oo 

1347 

-.0135 

76.063 

-•0262 

445.3 

• 0027 

♦ 6680 

•OOOOO 

- *0001 

2000.00 

1173 

-.0141 

129.237 

-•0263 

456.6 

•002 3 

.6594 

•OOOOO 

• OOOO 

4000.00 

1016 

-.0147 

219*200 

-•0265 

466.2 

•0019 

• 6320 

•OOOOO 

• oooo 



R * 0-90* PERCENT FuEL 

= 12.28. 0/F 

7.143 



1.00 

3526 

0 . 0 393 





7 

2.6696 1 

0.04460 

-0*7874 

1.05 

3511 

.0390 

2.123 

0*0015 

44.6 

0.0127 

2.6628 : 

.04411 

- .7823 

1.20 

3469 

.0303 

1*241 

• oon 

65.0 

.0126 

2.6432 ; 

.04279 , 

- .7680 

1.40 

3422 

.0374 

1.052 

• 0006 

lib.l 

.0123 

2.6185 

.04126 

- .7500 

1.60 

3382 

.0367 

1*005 

•0002 

136.7 

• 0123 

2.3953 ; 

. 03994 

- .7333 

1.73 

3360 

.0362 

1.000 

• oooo 

147.Q 

• 0123 

2.5013 

•03910 

- . 7263 

2.00 

3317 

.0354 

1.016 

-•0005 

165-0 

*0 1 2 l 

2.3326 

•03773 

- .7007 

4.00 

3122 

.0314 

i* 356 

-•0027 

228.9 

.0114 

2.3606 

.03089 

- .6170 

10.00 

2881 

.0254 

2.437 

-.0061 

207.9 

•0103 

2.094Q I 

•02200 

- .4769 

20.00 

2705 

.0199 

4.032 

-•0094 

322.3 

.0098 

1.8100 ' 

.01550 

- .3584 

40.00 

2528 

.0127 

6,038 

-.0138 

351.3 

• 0089 

1.4013 : 

.00946 : 

- .2345 

40.83 

2523 

.0125 

6.947 

-•oi^o 

352.3 

• 0089 

i.47i2 : 

.00930 

- .2309 

100* uo 

2279 

-•oooi 

13.977 

-. 0 72 2 ; 

303.4 

.0076 

1.0541 

•00335 

- .09221 

200.00 

2072 

-.0095 

24.037 

-*02 8 6 

403.7 

• 0063 

.0410 

• 00l 05 | 

- .0313 

i 400.00 

1857 

-.0149 

41.251 

-.0319 

421.1 

• 0053 

. 7376 

.00025 ! 

- .008 0! 

1000*00 

1585 

-.0176 

84.153 

-.0331 1 

*♦40*3 

•004J 

.6784 ! 

•00002 

- *0009 

2000.00 

1397 

-.0186 

144.295 

-* 0 333 

452.3 

.0036 

.6487 i 

•ooooo 

- .OOOli 

! 4000-00 

1224 

-.0194 

247.166 

-•0335 

463.Q 

• 0030 

*6217 : 

•ooooo i 

• ooooj 



TABLE III. - Continued. THERMODYNAMIC DERIVATIVES AT ASSIGNED PRES 

SURE RATIOS FOR LIQUID HYDROGEN WITH LIQUID OXYGEN 

[Equilibrium composition during isentropic expansion. Equivalence 
ratio, R; oxidant-fuel ratio, O/F.] 

(d) Continued. Combust ion- chamber pressure, 600 pounds per 
square inch absolute 


Pressure 

ratio, 

£/P 

Temp- 

erature, 

T, 

C K 

Temp- 

erature 

exponent, 

n T 

Area 

ratio, 

C 

Area- 

ratio 

exponent. 

Specific 

impulse, 

Specific- 

impulse 

exponent, 

Specific 

heat, 

v 

/d In TO \ 
(din P ) 7 

/ d In 771 \ j 
T \ 



R = 1.00* PERCENT FUEL 

= 11.19. O/F 

7.937 



1 .00 

3534 

0.0399 





2.6053 

0.04709 

-0.8301 

1.03 

3519 

.0396 

2.122 

0*0014 

43.3 

0.0129 

2.6007 

•04664 

- .8258 

1.20 

3478 

.0389 

1.240 

« 00 lc 

83.3 

.0128 

2.5874 

• 04541 

- .8135 

1.40 

3431 

.0361 

1.051 

• 0006 

112.7 

.0126 

2.5703 

.04399 

- . 7984 

1.60 

3392 

.0374 

1.005 

.0002 

132.7 

.0125 

2. 5542 

.04277 

- .7857 

1.73 

3370 

.0370 

1.000 

*0000 

142.7 

.0124 

2. 5445 

.04208 

- .7781 

2.00 

3327 

.0363 

1.016 

-•0004 

160*1 

• 0123 

2. 5243 

.04073 

- .7630 

4.00 

3137 

.0327 

1.357 

-.0024 

222.3 

• 0117 

2.4094 

.03451 

- .6063 

10**00 

2903 

.0277 

2.445 

-.0053 

279.6 

.0108 

2.2079 

.02666 

- .5732 

20*00 

2738 

• 0236 

4.055 

-.00/7 

313.3 

.0102 

2.0216 

.02111 

- .4817 

40.00 

2578 

.0192 

6.910 

-.0103 

34 1,7 

.0096 

1.8120 

•01600 

- .3879 

*0.03 

2573 

.0190 

7.022 

-•oio* 

342.5 

.0095 

1.8056 

.01585 

- .3851 

100.00 

2371 

.0123 

14.326 

-.0146 

37 3.2 

.0087 

1.5117 

.01011 

- .2667 

200.00 

2214 

.0061 

25. 124 

-.0186 

393.6 

♦ 0080 

1*2610 

.00647 

- .1829 

400.00 

2052 

-.0011 

44*210 

-•0235 

411.4 

• 0072 

1.0654 

. 00366 

- .1117. 

1 000 . 00 

1826 

-.0112 

95. 124 

-.0305 

431.0 

.0061 

.8338 

.00132 

- .0452 

2000*00 

1648 

-.0177 

162.695 

-.0352 

445.0 

• 0053 

.7163 

•00047 

- .0177 

4000.00 

1470 

-.0220 

282*646 

-.0301 

456.5 

.0045 

.6444 

•00013 

- . 00 5 3 



R = 1.50. PERC 

-NT FUEL 

= 7.74* O/F = 1.905 



1.00 

3374 

0*0324 





1.6233 

0.02714 

-0.5145 

1.20 

3315 

.0312 

1.242 

0*0013 

73.5 

0.0107 

1.5942 

.02553 

- .4930 

1*03 

3358 

.0321 

2.125 

• 0017 

30.2 

.0109 

1.6157 

.02671 

- .5080 

1.40 

3267 

.0302 

1*052 

• 000 7 

99.4 

.0106 

1.5682 

.02418 

- .4745 

1.60 

3226 

.0293 

1*006 

• 0003 

117.1 

.0104 

1.5447 

.02304 

- .4583 

1.73 

3202 

.0288 

1*000 

• 0000 

126.1 

.0103 

1.5306 

.02237 

- . 44 B8 

2.00 

3158 

.0278 

1*015 

-•0005 

14 1.3 

.0102 

1.5034 

.02115 

- .4308 

4 . no 

2953 

• 02 30 

1.351 

-.0032 

195.9 

.0094 

1.3606 

.01566 

- .3433 

10.00 

2692 

.0158 

2*415 

-.0073 

246. 1 

.0083 

1 . 1474 

.00942 

- .2294 

2 0.00 

2496 

.0097 

3.96 7 

-.0110 

2 75.3 

.0074 

.9816 

.00569 

- .1516 

40.00 

2297 

.0032 

6 * 664 

- .0 1 5 1 

299.6 

.0065 

.0274 

■00298 

- .0879 

40.83 

2291 

.0030 

6*7 66 

-.0152 

300*2 

.0065 

.0232 

.00292 

- .0863 

100*00 

2026 

-.0048 

13.426 

-«020^ 

326*0 

• 005J 

• 6 b6 2 

* 00095 

- .Q328 

200.00 

1818 

-.0091 

22*891 

-•0229 

342 .6 

• 0044 

.5904 

.00031 

- .0123 

400.00 

1616 

-.0115 

39*039 

-•0243 

356. 7 

.0036 

. 5432 

.00008 

- .0037 

1000*00 

1366 

-.0130 

79 • o 54 

-•024y 

3 72.3 

.0020 

. 5048 

•ooooi 

- *OOO s 

2000*00 

: U95 

-.0137 

134,733 

-.0251 

382.1 

.0024 

.4034 

•OOOOO 

“ *0001 

4000*00 

1 1039 

-.0143 

229.310 

-•0253 

39Q.4 

• 0020 

.4636 

• OOOOO 

• 0000 



R = 2.00* PERCENT F-jEL 

* 5.92. O/F 

5.073 



1.00 

3153 

0.0243 




1* 1081 

0.01418 

-0.2964 

! 1.03 

3141 

.0240 

2. 132 

0*0020 

34.9 

0.0006 

1.1005 

.01385 

- .2912 

1 .20 

3097 

• 0230 

1*245 

• 0015 

67. 1 

• 0085 

1.0794 

, *01296 

- .2770 

1 .40 

3046 

. Qc 19 

1 *054 

• 0009 

90.0 

• 0003 

1.0543 

.01197 

- .2606 

1.60 

3002 

.0209 

1.006 

• 0003 

106.9 

• 008 1 

1.0320 

.oiii* 

- .2465 

1 . 74 

2975 

• 0203 

1.000 

• oooo 

115.5 

.0000 

1*0102 

. 0 1 064 

- .2379 

2.00 

2929 

.0192 

1.014 

-.0006 

128.9 

.0078 

.9940 

.Q09B0 

- .2232 

4.00 

2706 

.0137 

1*341 

-.0037 

176.4 

.0069 

.8720 

.00619 

- . 1546 1 

10.00 

2413 

.0061 

2.365 

-.0083 

223.5 

.0056 

• 7166 

.00278 

- .0797 

20*00 

2189 

• 000 9 

3.829 

-.0115 

249.4 

.0047 

.6182 

.00125 

- .0405 

40.00 

1965 

-.0032 

6*321 

-•0190 

■270.5 

.0030 

.5459 

*00046 

- .0170 

40.83 

1959 

-.0033 

6.416 

-.0141 

271.1 

.0038 

.5441 

.00045 

— . 0 1 66 

100*00 

\ 1676 

-.0062 

U.437 

-•0156 

293.1 

• 0029 

.4875 

■00009 

- .0039 

200*00 

1475 

-.00^2 

20.879 

-•0160 

30'' *0 

*002 3 

.4613 

•00002 

- *ooio 

400*00 

1289 

-.0076 

35.155 

“•0160 

318.7 

.0019 

.4417 

•OOOOO 

“ .0002 

■ 1000*00 

1070 

-.0081 

70*143 

0 160 

331.3 

• 0014 

■ 4194 

•OOOOO 

• 0000 

i 2000*00 

923 

-.0084 

118.235 

-•0161 

■ 339.2 

• 0012 

.4040 

•OOOOO 

*0000 

4000.00 

792 

'•0087 

199*011 

-•0162 

345.8 

• 00 lo 

. 3894 

I *00000 

• OOOO 



__ K . = 3 . 

00. PERCENT FUEL 

= 4.Q3. O/F 

* 3.810 

. 

1.00 

2747 

0*0120 





0 • 65o9 

0.00385 

-0.0973 

1.03 

2729 

.0117 

1*152 

0*0022 

30*6 

0-0046 

.6451 

.00369 

- .0940 

1.20 

2679 

.0107 

1.2 54 

• 0016 

58.8 

.0044 

.6293 

•00328 

- *0853 

1.40 

! 2622 

.0096 

1*058 

.0009 

79.4 

.0042 

.6114 

.00284 

- .0 758 

1 .60 

2 573 

• 0066 

1.008 

. *0004 

93.4 

■ .0040 

.5963 

•00249 

- .0680 

1 . 76 

2538 

*0079 

1*000 

• oooo 

102.1 

• *0039 

. 5856 

. 00226 

- .0628 

2.00 

2491 

.0071 

1*011 

-*0005 

112.5 

1 .003 / 

♦ 5/20 

.00197 

- .0561 

4.0C 

2237 

.002 9 

1.314 

-•0030 

155.0 

1 ♦ 002 > 

. 5059 

.00085 

; - .0275 

10*00 

: 1913 

-.0005 

2.253 

-•0050 

192. 9 

! *0020 

.4460 

• 00021 

- .0000 

2 0*00 

; 1682 

-.0017 

3.569 

-•0055 

214.0 

! .0015 

; .4185 

.00005 

- .0025 

40*00 

1470 

*•0022 

5.77b 

-•0056 

, 2 31.0 

I *0011 

i .4000 

.00001 

- .0006 

40.83 

1464 

, -.0022 

5*o62 

-•0056 

j 231.4 

1 .0011 

.3995 

•ooooi 

- .0006 

iOQ.on 

122C 

-.0024 

11.130 

-.0055 

248.7 

.0000 

.3011 

•OOOOO 

- .0001 

2 00 * CC 

1C 5 3 

-« 002 5 

18*422 

-•0055 

259.4 

• 0006 

.3679 

•OOOOO 

• OOOO 

400*00 

904 

-.0026 

30-593 

-*0054 

268. J 

*0005 

. 3555 

•OOOOO 

•OOOO 

! 1000*00 

. 733 

-.0027 

59.900 

-.0054 

! 2 7 7 . 8 

*0004 

. 3398 

•OOOOO 

j .oooo 

i 2000*00 

i 622 

-• 002 b 

99.545 

1 --0034 

; 283.5 

' *000^ 

.3290 

•OOOOO 

• oooo 

j 40C0-0C 

i. 

^ - .0029 

165. L 73 

j *‘•00 3 5 

206.3 

i .0003 

.3194 

. *00000 

• oooo 
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TABLE III. - Concluded. THERMODYNAMIC DERIVATIVES AT ASSIGNED PRES- 
SURE RATIOS FOR LIQUID HYDROGEN WITH LIQUID OXYGEN 

[Equilibrium composition during isentropic expansion. Equivalence 
ratio, R; oxidant-fuel ratio, 0/F.] 

(d) Concluded. Combustion-chamber pressure, 600 pounds per 
square inch absolute 


r 

Preuure 

ratio, 

P c /P 

Temp 

eratore, 

T, 

°K 

Temp- 

erature 

exponent, 

| 

Area 

ratio, 

e 

Area- 

ratio 

exponent, 

n £ 

Specific 

impulse, 

I, 

(M**<l/lb 

Spec fic- 
impulte 
expore nt, 

n ! 

Specific 

heat, 

V 

coI/19K°KJ 

/d In SW \ 
(a In P ) T 

/dlnTO \ 

l*'" T ip 



ft = 4 * C 

0, PERCENT FUEL 

= 3»0- 

» C/F 

1.746 



1.00 

1.05 

2381 

2362 

o 

o o 
o o 
J- -r 
* O' 

1 

2.174 

0*0013 

27.6 

0.0019 

0-4697 

.4663 

0*00095 

•00089 

-0*0280 
- .0274 

1.20 

2309 

.0038 

1.263 

• 0009 

53.0 

«0C 17 

.4572 

•00075 

- .0233 

1*40 

2249 

♦ 0031 

1.063 

• 0005 

71.5 

• 0C 16 

.4473 

•00060 

- .0196 

1.60 

2198 

.0026 

1*010 

• 0002 

84.0 

• 0C 15 

.4393 

.00050 

- .0166 

1.78 

2157 

.0022 

1.000 

*0000 

92.8 

• 0C 14 

.4332 

•00042 

- .0143 

2.00 

2113 

.0016 

1.009 

-•0002 

10l« 1 

• 0013 

.4272 

•00035 

- .0124 

4.00 

I860 

• 00C 3 

1.293 

-.0011 

130.7 

• 0009 

.3982 

.00011 

- .0044 

10*00 

1554 

-.0005 

2.182 

-*0015 

171.6 

• oca 5 

.3743 

*00002 

- .0000 

20*00 

1348 

-•0006 

3.423 

-.0015 

109.8 

•0004 

.3612 

•00000 

- *0002 

40*00 

1164 

-•0007 

5.493 

-*•0014 

204.3 

• 0003 

.3499 

•00000 

• 0000 

40*83 

1159 

-*0007 

5.572 

-•0014 

204.7 

• OC03 

.3495 

.00000 

• 0000 

100*00 

952 

-•0007 

10*461 

-«0014 

219.2 

• oco* 

. 3352 

•00000 

• 0000 

200*00 

813 

-•0007 

17.162 

-.0013 

2 28.2 

• 0002 

.3243 

•00000 

• 0000 

400*^0 

690 

-•0008 

28.237 

-•0013 

235.5 

• OOOl 

.3139 

•00000 

• 0000 

1000*00 

551 

-*0008 

54.608 

-.0013 

243.3 

• ocol 

.3012 

•ooooo 

• 0000 

2000*00 

463 

-»0008 

89.093 

-•0013 

247.9 

•OCOl 

.2927 

•00000 

•0000 

4000*00 

386 

-.0008 

147.035 

-*0013 

251*6 

• Of 0 1 

• 2864 

•ooooo 

• oooo 



ft * 5* 

30* PERCENT FUEL 

« 2*4! 

>» C /F 1 

= 9.683 



1.00 

1*05 

2072 

2053 

0*0015 

.0014 

2.190 

0*0005 

25.2 

0*0( oTl 

0*3924 
. 39q6 

0.00022 

*0002o 

-0.0000 
- .0074 

1.20 

2002 

*0011 

1.270 

• 0004 

40.5 

• 0(06 

.3859 

•00016 

- .0061 

1*40 

1944 

.0008 

1.067 

• 0002 

65.4 

• 0( 05 

.3006 

•00012 

- . 0048 

1 *60 

1894 

• 0007 

1.011 

• oooi 

76.8 

• 0( 04 

.3767 

•00010 

- .0036 

1.80 

18 5 2 

.0005 

1.000 

*0000 

85.3 

• Of 04 

.3734 

•00008 

- .0032 

2.00 

1813 

*0004 

1.007 

-•oooi 

92.3 

*0( 04 

. 3706 

•00006 

— *0026 

4.00 

1578 

.0000 

1.281 

-•0003 

126.2 

• Of 02 

.3559 

.00001 

- .0007 

10*00 

1303 

-.0002 

2.143 

-•0003 

155.0 

• Of ol 

.3410 

•ooooo 

- *0001 

20*00 

1122 

-*0002 

3.341 

-•0003 

172-0 

• 0(0l 

• 33o9 

•ooooo 

•0000 

40*00 

961 

-•0002 

5.329 

"•0003 

104.7 

• Of ol 

.3209 

•ooooo 

• 0000 

40*83 

9 56 

-•0002 

5.405 

-•0003 

185.1 

■ 01 ol 

• 32o6 

• ooooo 

• 0000 

100*00 

777 

-*0002 

10*063 

-•0003 

197.9 

• Ol 00 

. 3076 

•ooooo 

•0000 

200*00 

658 

-*0002 

16.396 

-•0003 

205-7 

• Ol 00 

.2979 

• ooooo 

•0000 

400*00 

5 54 

-•0002 

26.787 

— *000 3 

212.0 

• Ol 00 

■ 2807 

•ooooo 

• oooo 

1000*00 

436 

— *0002 

51.327 

-•0003 

216.7 

• O' 00 

j .2/02 

•ooooo 

• 0000 

2000*00 

365 

-.0002 

83.959 

-*0003 

222.6 

• O' 00 

j .2728 

•ooooo 

• oooo 

4000*00 

303 

-*0002 

j 13 7.411 

-•0003 

225.9 

J «0' 00 

I .2693 

•ooooo 

• oooo 


! 

.. i.__ 
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TABLE IV. - EQUILIBRIUM COMPOSITION OF PRODUCTS OF REACTION AT ASSIGNED PRESSURES FOR LIQUID HYDROGEN 

AND LIQUID OXYGEN 

[Isentropic expansion from chamber conditions; compositions are given in mole fractions. 
Equivalence ratio, R; oxidant-fuel ratio, 0/F . J 

(a) Combustion-chamber pressure, 60 pounds per square Inch absolute 






k = 

C.15. PERCENT FUEL = 45.65* O/F = 1.190 





Pressure, lb/aq In. abs 

60.00 

50.00 

42.86 

37.50 

32.17 

15.00 

14.70 

6.00 

3*00 

1.50 

0*60 

0*30 

0*06 

0*03 

Temperature, °K 

1183 

1 129 

1065 

1049 

1006 

624 

619 

643 

532 

439 

340 

260 

175 

142 

H 2 

0.85 000 

0.85000 

0*85000 

0*85000 

0.85000 

0.85000 

0*85000 

0*85000 

0.85000 

0*83000 

0*85000 

0*85000 

0*85000 

0*85000 

h 2 o 

. 1 50C0 

•15000 

* 15000 

* 15000 

.15000 

. 15000 

*15000 

.15000 

• 15000 

.15000 

*15000 

* 15000 

.15000 

• 15000 





R = 

0.20. PERCENT FULL = 3 

B.65, O/F = 1.587 ! 

Presaure, lb/aq In. aba 

60.00 

50.00 

42*86 

37.50 

32 .49 

15.00 

14.70 

6.00 

3-00 

1.50 

0*60 

0*30 

0*06 

0*03 

Temperature, °K 

1514 

1450 

1398 

i3 54 

1307 

1079 

1073 

852 

709 

566 

43e 

379 

242 

198 

H 

n. onooi 

n. notion 

0*00000 

0.00000 

0.00000 

0*00000 

0*00000 

0*00000 

0.00000 

0- 0000 

0*00000 

0*00000 

0*00000 

0*00000 

h 2 

.79999 

.80000 

*80000 

.80000 

.80000 

•80000 

•80000 

.80000 

.80000 

•80000 

•80000 

• Boooo 

*80000 

• 60000 

h 2 o 

.20000 

• 2 OCOO 

*20000 

•20000 

•20000 

*20000 

*20000 

•20000 

•20000 

•20000 

*20000 

•20000 

*20000 

•20000 





R = 

0.25* 

3 ERCENT FOlL = 33.51. O/F = 1,984 





Pressure, Ib/sq in. abs 

60.00 

60.00 

42.86 

37.50 

32.78 

15.00 

14*70 

6.00 

3*00 

1.50 

0*60 

0*30 

0*06 

0*03 

Temperature, °K 

1816 

1744 

166 6 

1636 

1567 

1322 

1316 

1 0 5 7 

88 7 

741 

681 

482 

310 

236 

H 

0.00.017 

0. 00010 

0.00006 

0.00004 

0.00003 

0*00000 

0*00000 

0*00000 

0.00000 

0*00000 

0*00000 

0-00000 

0*00000 

0 * ooooo 

«2 

. 74986 

. 74991 

. 74994 

.74996 

.74996 

* 75000 

*75000 

*75000 

. 75000 

*75000 

*75000 

•75000 

• 75000 

• 75000 

h 2 o 

. 24997 

• 24998 

.24999 

.24999 

.25000 

•25000 

*25000 

•26000 

*25000 

*25000 

•25000 

*25000 

.25000 

*25000 





R = 

0.30* PERCENT FUEL = 29.57. O/F * 2.381 





Pressure, lb/aq in. aba 

60. CO 

50*00 

42.86 

37.50 

33.04 

15*00 

14.70 

6*00 

3*00 

1.50 

0*60 

0*30 

0*06 

0*03 

Temperature, °K 

2089 

2013 

1950 

1896 

1646 

15 53 

1546 

1258 

1064 

696 

708 

390 

383 

317 

H 

0.00120 

0*00080 

0*00056 

0.00040 

0.00029 

0*00003 

0*00^03 

0*00000 

0*00000 

0*00000 

0*00000 

0*00000 

0*00000 

0*00000 

h 2 

.69899 

.69932 

.69953 

.69966 

.69976 

. 69998 

.69996 

• 70000 

.70000 

*70000 

* 70000 

•70000 

*70000 

*70000 

h 2 o 

.29975 

.29984 

.29989 

.29992 

.29995 

* 30000 

•30000 

* 30000 

*30000 

• 30000 

* 30000 

■30000 

• 30000 

*30000 

OH 

• O0006 

•OOOC4 

■0C0C2 

•00001 

•0C001 

•ooooo 

•OOOOO 

-OOOOO 

•OOOOO 

•OOOOO 

•OOOOO 

•OOOOO 

•OOOOO 

*00000 

1 « = 

0.35. PERCENT FULL * 26*47. O/F = 2.776 


Pressure, lb/aq In. abs 

60.00 

50*00 

42.86 

37.50 

33.32 

15*00 

14.70 

6.00 

3.00 

1.50 

0*60 

0*30 

0*06 

0*03 

Temperature, °K 

2329 

2253 

2189 

2 133 

206 5 

1772 

1764 

' 1452 

1239 

1051 

836 

7 0 3 

46Q 

362 

H 

0.00446 

■0.00 328 

0*00248 

0*00192 

0.00151 

0.00022 

0*00021 

0*00001 

0.00000 

0-0J000 

0*00000 

0*00000 

0*00000 

0*00000 

h 2 

. 6 4 64(5 

.64735 

.64799 

.64644 

.64677 

• 64962 

.64983 

.64999 

.65000 

.65000 

.65000 

.65000 

.65000 

« 63000 

h 2 o 

. 348 73 

. 34910 

• 34934 

.34951 

. 3496 2 

. 34995 

• 34999 

*36000 

.35000 

• 35000 

.33000 

*35000 

*53000 

• 35 000 

OR 

•00041 

. 00027 

.00019 

♦00013 

.00010 

•00001 

•00001 

•OOOOO 

•ooooo 

•ooooo 

•OOOOO 

♦OOOOO 

•OOOOO 

•OOOOO 





R = 

0.40. PERCENT FUEL = 2 

J.95. O/F = 3.175 

Presaure, lb/aq in. abs 

60. CO 

50.00 

42.86 

37.50 

33.62 

15.00 

14.70 

6.00 

3*00 

1.50 

0*60 

0*30 

0*06 

0*03 

Temperature, °K 

2 5 31 

2458 

2396 

2342 

2296 

1978 

1970 

1640 

1411 

1207 

972 

820 

343 

433 

H 

0.01092 

0*00867 

0*00702 

0*00577 

0*00488 

0*00106 

0*00102 

0*00010 

0*00001 

0-00000 

0*00000 

0*00000 

0*00000 

0*00000 

0 

*00002 

* OCOQ1 

•00001 

•00000 

•OOOOO 

•OOOOO 

•ooooo 

•OOOOO 

•ooooo 

•OOOOO 

•ooooo 

* OOOOO 

•OOOOO 

•OOOOO 

h 2 

.69160 

. 59331 

.59456 

*59592 

.59621 

.59916 

•59*20 

.69992 

.59999 

.60000 

•60000 

•60000 

•60000 

•60000 

h 2 o 

.39584 

. 39663 

. 39752 

.39802 

. 39837 

. 39970 

.39972 

. 39998 

.40000 

.40000 

*40000 

*40000 

•40000 

•40000 

o 2 

•00001 

* ooooo 

*00000 

•ooooo 

*00000 

•ooooo 

•OOOOO 

•OOOOO 

•ooooo 

•OOOOO 

•ooooo 

•OOOOO 

•ooooo 

•OOOOO 

OH 

.00161 

*00118 

.00088 

•00068 

•00054 

*00007 

•00007 

•OOOOO 

*00000 

•ooooo 

•ooooo 

•OOOOC 

•ooooo 

•OOOOO 





R = 

0.45. PERCENT FUEL = 2 

.67, O/F = 3.571 

Presaure, lb/sq In. abs 

60.00 

50*00 

42.86 

37.50 

33.73 

15.00 

— 

14.70 

6.00 

3*00 

1*50 

0*60 

0*30 

0*06 

0*03 

Temperature, °K 

2695 

2628 

2370 

2519 

2461 

2 lb 7 

2159 

1822 

1 5 6 1 

1362 

1109 

942 

632 

529 

H 

0 .02018 

0.01699 

0*01491 

0*01253 

0*01115 

0*00340 

0*00328 

0-00050 

0.00007 

0*00001 

0*00000 

0*00000 

0*00000 

0*00000 

0 

• nonio 

• 00007 

•00005 

• noon3 

*00003 

•OOOOO 

•ooooo 

*00000 

•ooooo 

•OOOOO 

•ooooo 

•ooooo 

•ooooo 

•OOOOO 

h 2 

.53544 

.a37b7 

.33942 

.54083 

* 5 *♦ 1 0 i 

• 54 745 

• 54 754 

. 5 49b 2 

. 54994 

.54999 

•35000 

.55000 

*55000 

•55000 

h 2 o 

.43989 

.44163 

.443*0 

.44436 

. 44909 

.44677 

. 4 48 b 2 

. 4' 9b 5 

. 4499d 

.43000 

.45000 

•45000 

.45000 

•45000 


.00003 

. 00097 

•OCOO? 

■OOOOl 

*00001 

•ooooo 

•ooooo 

•OOOOO 

•ooooo 

•ooooo 

•ooooo 

•OOOOO 

•ooooo 

•OOOOO 

OH 

. 00935 

. 00342 

.00275 

.00224 

.00191 

*00038 

*00036 

*00003 

•ooooo 

•OOOOO 

•ooooo 

•ooooo 

•ooooo 

•OOOOO 





R = 

0.50. PERCENT Full = 20*12, O/F = 3.968 






60.00 

50*00 

42.86 

37.50 

24.19 

15.00 

14.70 

6.00 

3.00 

1.50 

0*60 

0.30 

0*06 

0*03 

Temperature , °K 

2328 

2 76 5 

2711 

2664 

26 3* 

2335 

2327 

1990 

1746 

1518 

1247 

106? 

72 7 

611 

H 

0.03077 

0.02704 

0.02402 

0.02151 

0*01985 

0*00801 

0*00779 

0*00174 

0.00035 

0*00005 

0*00000 

0-00000 

0*00000 

0*00000 

0 

. J 0 0 3 6 

. 00026 

•00020 

•00015 

•00013 

•00002 

•OGCOl 

•OOOOO 

*00000 

•ooooo 

•ooooo 

•ooooo 

•ooooo 

•OOOOO 

h 2 

.'<7961 

• 48 192 

•4b jo* 

•4d34i 

«4b64b 

•4943b 

.49451 

• 49 d 74 

.499 74 

.49996 

* 50U00 

*50000 

.50000 

• 50000 

h 2 o 

.47996 

.48 30 7 

.48946 

.48736 

.48096 

.49621 

.49633 

.49934 

■ 4 9 96 8 

.49999 

• 20000 

*50000 

.30000 

• 50000 

0 2 

.^0015 

. 0001 1 

•00008 

• 00006 

•00005 

. 00001 

•00001 

•00000 

•ooooo 

■ooooc 

•ooooo 

•OOOOO 

•ooooo 

•OOOOO 

OH 

. 00915 

. 00 76C 

.00642 

•00550 

•0C491 

. 00140 

•00134 

•oooia 

• 00002 

•ocooc 

•ooooc 

•OOOOO 

•ooooo 

•OOOOO 





R = 

0.60, PERCENT FUEL = 17.35, U/F = 4.762 





Preasure, lb/sq in. abs 

60.00 

5 C * DO 

42.84 

37.50 

34.55 

15.00 

14. 70 

6« 00 

3*00 

1.30 

0.60 

0*30 

0*06 

0*03 

Temperature, °K 

3015 

2 96 1 

2914 

*8 79 

2649 

2595 

25ob 

229* 

2063 

1622 

l5<9 

lJ2o 

932 

792 

H 

0*04998 

c. 04626 

C. 04316 

0*04048 

0.03804 

0*02303 

0*02?67 

0*00943 

0*00343 

0*00087 

0*00008 

0*00001 

0.00000 

0*00000 

0 

. 0020? 

- 00 167 

•00141 

*00121 

•00109 

•00031 

*00030 

•00004 

.00000 

•ooooo 

•ooooo 

•OOOOO 

■ooooo 

•OOOOO 

H 2 

.37569 

. 3 7b96 

.3780? 

♦37911 

. 3 7975 

• 38683 

. 38701 

. J94J6 

.39776 

.39942 

. 39995 

.40000 

.40000 

.40000 

h 2 o 

• 54 59 1 

. ioC 

.33alB 

* J 5999 

. 56229 

• 3d 144 

.58182 

.5939* 

.59619 

• 5 99 D 2 

. 59997 

*60000 

.60000 

.60000 

Op 

. 00119 

. 00 1 DC 

00035 

*00073 

*00066 

*00019 

•00019 

•00002 

•OOOOO 

•OOOOO 

•OOOOO 

♦ooooo 

•ooooo 

•OOOOO 

0§ 

.02520 

.02260 

OZC31 

.01849 

.01741 

*00819 

• 00^0 1 

•00235 

.00039 

*00009 

•ooooc 

•ooooo 

•ooooo 

■OOOOO 





R = 

0.70, PERCENT FUlL = 15.25, U/F = 5.556 





Presaure, lb/aq in. abs 

50*00 

60.00 

42.86 

37.50 

34.75 

15.00 

14.70 

6.00 

3.00 

1.30 

0*60 

0*30 

0*06 

o 

o 

Temperature, °K 

3 12 8 

3 076 

3 03 7 

3001 

2981 

2 761 

2756 

261 7 

2 320 

2 10« 

1813 

1396 

1136 

996 

H 

c . o ft r 5 

0.05790 

0.05532 

0-0^306 

n. 05130 

0*03770 

0*03735 

0.02275 

0.01262 

0.00333 

0*00108 

0*00020 

0*00000 

0*00000 

0 

.or 590 

• 00525 

0047 3 

•00429 

•00406 

*00192 

♦ 00 1 8b 

*00056 

.00015 

*00002 

•OOOOO 

•OOOOO 

•ooooo 

•OOOOO 

h 2 

.28927 

• 26663 

• 2 0 3 J 'j 

• 2 e o i j 

.2 662* 

.2ool4 

.28010 

. 2 9 0 3 « 

. 2 9 3 o 1 

.297Q0 

• ^ 9 9 j6 

.29986 

*30000 

•JQOOO 

h 2 o 

.69195 

. 59964 

.6063a 

.61193 

•619Q5 

.64662 

.64 7 5 ^ 

• 6 740 6 

. 68 79 7 

.69579 

.69930 

.69991 

*70000 

*70000 

0 2 

*■00438 

. 0C44 1 

.00402 

•00370 

.00352 

.00177 

*00174 

.0005»6 

. 0001 5 

*00002 

•OOOOO 

•OOOOO 

•ooooo 

•OOOOO 

OH 

* 0 4 7 C 5 

.04376 

•04101 

• 0 3 o 67 

•03735 

. 02366 

•Q2335 

.01197 

.0031 1 

•00161 

• 000 i b 

•00002 

•ooooo 

•ooooo 
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TABLE IV. - Continued. EQUILIBRIUM COMPOSITION OF PRODUCTS OF (E ACTION AT ASSIGNED PRESSURES FOR 

LIQUID HYDROGEN AND LIQUID OXYGE 1 

[Isentropic expansion from chamber conditions; compositions are given in mole fractions. 
Equivalence ratio, R; oxidant-fuel ratio, O/F.] 

(a) Concluded. Combustion-chamber pressure, 60 pounds per square inch absolute 


H = 0.80» PERCENT FULL. = 13-60* O/F = 6.34S 


Pressure, lb/sq In. aba 
Temperature, °K 

60*00 
3 166 

50*00 
3 141 

42*66 

3153 

3 7.60 
3 0 7(2 

3*. 93 
5 Co 2 

15.00 
2 o5 5 

14.70 

2840 

6.00 
2 64 5 

3.00 
2*0 / 

1.50 

2d 2 1 

0.60 
20 74. 

C* 30 

1060 

0*06 

1340 

0*03 

1220 

H 

0 

h 2 

h 2 o 

0 2 

OH 

06315 
.01163 
•2226G 
*62332 
.01305 
. 06925 

0.06C63 
.0 1075 
.22062 
.62957 

• C 1 2 3 7 

• 0658 5 

0*05851 
.01005 
,2193j 
.637 34 
.01178 
*06301 

0.05660 
.00943 
. 2 1 a 0* 
.64402 
.01127 
.06056 

0.035 id 
.00910 
• 2 1 7 54 
.6476 7 
•01C99 
.05922 

0.04433 
.0057* 
. 20957 
. b«0*3 
.00771 
• 0442 2 

0*04406 

•00367 

• ^ 0 9 3 9 

• 60 9 5 4 
•00/63 

• Q4 30 7 

0*03227 
.00^92 
. 2 L * U 

• 7 2*00 
.00‘ 35 

• 02‘0 1 

0. 02337 
.00142 
, 1 9 6o 4 
. 75365 
.00226 
.01067 

0*0i*4i 

.00030 

.19048 

.77675 

•000O4 

* 0 1 002 

Q. 0060 1 
.00006 

• 14/02 
. 79d*.o 

• 000 10 

• 00275 

0-00193 

*00000 

• 19410 
. 79034 

• 00001 
•00061 

0.00003 

.00000 

.19990 

.79946 

•QOO00 

*00000 

0-00000 

•00000 

•20000 

.80000 

*00000 

*00000 


« * 0.90. HEKCtM F UtL = 12. 2o. J/F = 7*143 





Pressure, lb/sq In. abB 
Temperature , °K 

60 . 00 
3213 

50*00 

3160 

42.0 0 
313* 

37.50 

34.69 

3002 

15.00 

2092 

14.7Q 
2 nft 0 

6-00 
2 7Qi 

300 

2 3 t 4 

1.3L 
2 424 

0*60 

2246 

C » 30 
2093 

0*06 
166 0 

0*03 

1460 

H 

0 

H2 

h 2 o 

02 

OH 

0. 05966 
.01767 
.17295 
.63534 
. 32642 
.08 775 

0*05741 
*01666 
. 17043 
.64519 
.02572 
•0643d 

0.05554 
.01602 
• 16620 
.65330 

.06156 

0*0:>392 
.01531 
. IoomQ 
.6005c 
.024-7 
.07912 

0.05306 
• 01493 
■ 1 b j J 0 
.664 54 

.0242 7 
.07 782 

3.0*322 

.01034 

. 1L310 
. ? 0 94 i 
•020*0 
.06287 

0.0*294 
.010/4 
. 1 5 2 00 

• 7104 0 

• 02038 

• 06252 

0.03322 
.00 - 7 O0 

.1343/ 

. /5 t t f 
• 01 - 8 3 
.04 5 3 

0.02616 
.00*74 
.12926 
. /9i 14 
.01203 
,03663 

0*01960 

•00204 
• - l4dl 
. 02 dd4 
. OC 0 22 
.026*8 

0*01179 

.0010? 

• 10 Zoo 

• 06 12 0 
.00362 
.01445 

0»00671 
*00032 
. i 02 0 3 
.86260 
* OC 12 0 
•00/0* 

0*000*9 
•00000 
•09983 
• o4 44 b 
•00000 
•00021 

0.00008 
*00000 
• 09496 
.09943 
•00000 
•00002 

- - - 


u = 

1.00. PERCENT F 

uilL = 11 

,19, O/F = 7.937 



Pressure, lb/sq In. abs 
Temperature, °K 

60.00 

3217 

50*C0 

3173 

42.86 

3136 

37.62 

d 1 Q4 

34.9 1 

3 000 

15*00 
2 9 30 

14.70 

2o96 

6 * 00 
2 1 d 

3.00 
23 74 

1.50 

2452 

0*60 
2 2 0 7 

0*30 

2164 

0*06 

1039 

0*03 

1710 

H 

0 

H2 

H20 

02 

OH 

j. 05353 
.023*7 
. 13620 
.64117 
.04445 

. 1C 118 

0*05143 

.02234 

• 13340 
.65113 

• 0*394 

• 09 776 

0.0*967 
.02141 
. 13100 
.66953 
• 0*349 
.09*90 

0.04817 
*02061 
. 12091 
.66681 
•04300 

•09245 

0.0*7 36 
.02019 
.1277/ 
.b70 71 
•0*286 
•09111 

0.05825 
.01555 
•114Q6 
. 71636 
•00963 
• 0 7 595 

0-03004 
. 0 1 344 
.113/2 
.71746 
• 03W5 
•07360 

0-02 it 

.01 W 
• 0 9 " * 1 
. 7 6 0 / 

•035/9 
. 060*2 

0.0220 1 
.00054 
.00610 
.00109 
• Qd <2 3 
.04442 

0.01710 
.003** 
. 0 / 346 
. 6 30 i 0 

• 0 2 ot 3 

• 0 d9 L 1 

0*01061 
.00339 
•03642 
. 00 02 2 
• Ot 24 J 
•0269 J 

C • 00665 

•00198 

• 0*35** 

• 91123 
•01773 
. 01086 

0*00115 

•00027 

.016*9 

• 469 76 

• oo'/o® 

.00323 

0*00052 

•00007 

*00012 

.40379 

*00530 

•00213 

| R = 1.50. PERCENT FULL = 7.74*. O/F = 1.905 



Pressure, lb/aq in. aba 
Temperature, °K 

60.00 

3116 

50.00 

3070 

*2.86 
3C5 1 

37.60 

2W9 

34.86 

2981 

1= *00 
2762 

14.70 

2777 

6 ■ 00 
2 -'7 6 

3.00 
2 * 2 1 

1.50 

2263 

0*60 

2040 

0*30 

1656 

0*06 

1413 

— 

0»03 

1240 

H 

0 

H2 

H20 

02 

OH 

0.02426 
*03338 
.04909 
.61 197 
. 16807 
. ] 1 322 

0.02275 
.0316* 
. 04690 
. 62046 
. 1 69 3 9 
. 1088 7 

C *02 1*9 
.03019 
• 0*5C '■ 
•62756 
. 1 7 Q*9 
. 10522 

2.02042 
.02095 
.04344 
.63371 
.17144 
. 10 20* 

0. O’ 98 5 
.02826 
.04237 
.63730 
.17196 
.10031 

0.01367 
. 02092 
.03260 

. 6 /46J 

.17 / 0 7 
. 08 06 C 

0-01353 
* 02 C 75 
•03236 
.67342 
.17/81 
•03013 

0.00 06 
• 01 .02 

• 02 3 1 
.71 44 
.16 .4o 

• 05 '6 7 

0.00*76 
.0092 1 
.01323 
.73024 
. 10 7 5 6. 
.04495 

0.00237 
• 00 1 
■00413 
■ /0Q00 
,14134 
• 0 d 1 0* 

0*00061 
•00146 
•00341 
•70245 
. I95b0 
.01349 

0.00013 
*00063 
• 00112 
.79298 
• 1 9 792 
.00 72 1 

0-00000 
.00001 
•00002 
.74 469 
• 1 9 4 6 0 

•000*1 

0-00000 
*00000 
*00000 
. 74943 
. 1494b 
*00007 


R = 2.00. PERCENT F'JlL = 5.92 7 . O/F = 3.B73 



Pressure, lb/sq In. abs 
Temperature, °K 

60*00 

2966 

50*00 

2917 

42.66 
20 77 

37.50 

2841 

34*73 

2021 

15-00 

2604 

14.7Q 

2599 

f ■ 00 

1 >63 

3 *00 
2 17/ 

1.5C 

19/0 

0*60 

1706 

0*30 

1303 

0*06 

1093 

0*03 
94 0 

H 

0 

H2 

H20 

02 

OH 

0*01009 

.02669 

.02078 

.55950 

.29223 

.09071 

0.00913 
•02468 
.01933 
. 56635 
.29*73 
.06579 

C»008 3'“ 
.02302 
♦01012 
.57205 

• 08 166 

0*00770 

.02162 

.01709 

• P?69l 
.29654 
• 076 to 

0*00734 

.02003 

.01651 

.37966 

. rj 7 6 0 c 

0*00395 
.01295 
.01053 
. 60 OQ 5 
. 3 100b 
• 0 544 7 

0*00388 
•0177b 
•010*0 
.60664 
. 3 1 u 3 o 
• 05 596 

0*00-52 

• 00*30 
.00 >27 
.63 >9 7 

• d 1 >8 6 

• 03 >0 3 

0.0003* 
.00241 
.00249 
.64360 
, d2 3 7 0 
.01955 

0.00013 

.00101 

•OCO00 
.63667 
. d 2 4 / 8 

*00 >3* 

0*00001 
.00013 
•00012 
• 664 79 
•352 43 
•00230 

0.00000 

•00002 

*00002 

.66621 

•Jddli 

-00064 

0-00000 
*00000 
•00000 
. bob 00 
• Jd3d3 

•ooool 

0*00000 
.00000 ; 
.00000 ; 

• 66b6 7 

• 5 Jdd 3 
•00000 




H - 3.00. RlHCENT FULL = 4.031. U/F = 3.810 




Pressure, lb/sq In. abs 
Temperature, °K 

6 0.0C 
2655 

5 0.00 
2599 

42.66 

2330 

37.50 
2 3Q9 

34.33 

240 i 

15.00 

2216 

14.70 

22Q9 

6-00 
1 >13 

3-00 

1691 

1.50 

l*oU 

0-60 

1229 

0*30 

1061 

0*06 
7 39 

0*03 

627 

H 

0 

H2 

H20 

02 

OH 

"i.O 

• r 1 ono 
■ 00406 
.46403 

.47702 

.04329 

■".00122 
. 00360 
•003*8 
• 4 66 1 6 
.4 7971 
.03663 

■".00 K r 
•007*5 
.00323 

.4714-, 
• 46 1 6 5 
.23519 

0.00084 
* 00652 
•0C267 
.474CC 
.40561 
. 03215 

0 .0^074 
•00395 

• OC 244 
.4/593 
. 404 7 J 
. 03Q20 

6.00018 
• C02C6 
•OC087 
. 4«9q1 
.45311 
.01476 

0*00017 

*00200 

00065 

.*.0920 

.49327 

•01*45 

0-00 )02 

• 00 )3 7 

• OC 1 1 

.49 J ft> 

.44 lyo 

• OC to * 

0.00000 

•00006 

*00003 

.49404 

,44942 

.001*4 

o.ooooc 
• 0000 1 
•ocooo 

.4440 7 
.00033 

0.00000 
.0000c 
. ocooo 

.00003 

o-ooooo 
•00000 
*00000 
. 300OU 
. 3 CQ0G 
•00000 

0.00000 

•00000 

*00000 

•300UO 

*30000 

•00000 

0-00000 

•00000 

*00000 

.30000 

.30000 

*00000 

R = 4.00. PERCENT FULL = 3.054. 0, 

F = 1.746 




Pressure, lb/aq In. abs 
Temperature, °K 

6 0.00 
2 3*7 

5C0C 
2 2c 2 

42* =6 
2 220 

2 loo 

35.7 9 

2 14 3 

15.00 

1050 

14.70 

1831 

6.00 
i 336 

3. OC 

idd i 

1.3C 

lie/ 

0.60 

45** 

0*30 

0 13 

0.06 
5 3d 

0*03 

H 

0 

h 2 

H20 

02 

OH 

0. 0001 6 

• CiC 245 
; .nrofcfl 
i . ; c 9 OC 
. 5 4 1 7 6 
.'1595 

0*0001 1 

. 00 165 
. n nr>52 
. 3 909 9 

*01323 

~. 005^3 
• CG 144 
. nr'M. 1 

.54-47 

.21115 

n. 00006 

.00114 
.0003? 
. 39 5 6 1 

.0C966 

0.00004 

.00094 

• Or 02 7 

•394^1 

• 000*0 

0*00000 
*00016 
*00005 
.59330 
. 59006 

.00255 

0.00000 
OO; 15 
•0000* 
. 3yb*-4 

♦ 3 9 0 9 c 

• 002*7 

0 * 0 C )0C 

• OC >01 

• OC TOO 
.34 974 
.34 >bt 

• OC 742 

0.00000 

.00000 

.00000 

. 3 4 4 4 0 
.5 999 / 

• 0000 7 

0-00000 

.00000 

*00000 

•34994 

.-00-L 

•OC001 

o-ooooe 
.00000 
*00000 
. 4 c U 'J G 
.fOUOl 
•00000 

0-00000 

•00000 

•ooooo 

■*0000 

• 6 c 0 0 u 

• ■ocooo 

0-00000 

•00000 

•00000 

•4GU0C 

.60000 

*00000 

0-00000 
.00000 
« oooor 

.40000 
• 60000 
•00000 



h - 

-d.OO. PERCENT FULL ^ 2.430. U/F = 9.683 




Pressure, lb/sq in. aba 
Temperature, °K 

00 
2 Cot 

5 0 * 0 C 

19*5 

42.86 
. V d 0 

37. 5<? 
ie90 

3 3**0 

i e4 4 

15.00 
1 L 7ft 

0» n o nor 
.00000 

. 3 J Ji i 

• l 6 e 5 0 
. 6rr37 

14.7Q 

1-/1 

t .00 
1 30* 

3.00 
1 I22 

1.50 

461 

0.60 
7 /o 

C * 30 
63 9 

Q.Q6 

0*03 
36 5 

H 

0 

H2 

H20 

02 

OH 

. "''CO' 1 * 

ri.rtO0*'l 
. 00028 
.n,por>5 
.3 J O » 
. fr fc *- v 2 

• n 2 0 n r> 
.00219 
. nn 004 
. J J - - 

5 

.00014 

.00003 

• d d i 7 4 

• 1 6 5 1 l- 

• or 2 20 

02 

• 3 3 £ 2 0 

• t b :■ c 1 
.00107 

•ooooi 

•oocoo 

• 00-0 i 

6 • 0 ( 

*01 000 
»0( 000 

• d J 35 1 
. b 1 5 6 3 

•0/ 003 

0.00000 
.00000 
•00000 
,33 d 5 5 

,0006 l 
• oeono 

0*00000 

.00000 

•orooo 

• 3 Jddd 

. 0 0 0 0 7 
•orooo 

o-noooo 

.00000 

* OCOGO 

. J J 5 5 5 

• fc 0 0 0 t 

.00000 

n« onnrvo 

* moon 
*00000 

. 5 d 5 J J 

.6636-7 

* oocoo 

n .oooor 
•oocen 
•00000 

.6606/ 

*00000 

?• OOOOO 
•00000 
*00000 
•ddddd 
.60667 

•ooooo 
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TABLE IV. - Continued. EQUILIBRIUM COMPOSITION OP PRODUCTS OF REACTION AT ASSIGNED PRESSURES FOR 

LIQUID HYDROGEN AND LIQUID OXYGEN 

[Isentropic expansion from chamber conditions; compositions are given In mole fractions. 
Equivalence ratio, R; oxidant-fuel ratio, O/F. ] 

(b) Combustion-chamber pressure, 150 pounds per square inch absolute 






R r 

0*15. PERCENT FUEL = 45.65. O/F - 1.190 






150.00 

125.00 

107.14 

93.75 

80*42 

37.50 

15*00 

14.70 

7.50 

3.75 

1.5o 

0*75 

0.15 

0»08 

Temperature, °K 

1 163 

1129 

1085 

10*9 

1008 

824 

643 

639 

532 

439 

340 

280 

175 

1*2 

Ho 

0.85000 

0*65000 

0.85000 

0-85000 

0*85000 

0*85000 

0*85000 

0.85000 

0.85000 

0*85000 

0*85000 

0.85000 

0*05000 

0-85000 

H20 

.15000 

.15000 

. 15000 

.15000 

.15000 

*15000 

.15000 

.15000 

.15000 

• 15000 

* 15000 

*15000 

• 15000 

*15000 





R a 

0*20 1 PERCENT Fuel = 3fi 

.65. 0/F = 1.587 


150.00 

125.00 

107. 1*. 

93.75 

81*24 

37.50 

15*00 

14.70 

7.50 

3,75 

1.50 

0.75 

0*15 

0*08 

Temperature, °K 

1514 

1450 

1398 

1354 

1307 

1079 

052 

847 

709 

588 

450 

379 

242 

190 

H 

0.00001 

0*00000 

n.oo 00 

0*00000 

0*00000 

0*00000 

0*00000 

0*00000 

0.00000 

0*00000 

0*00000 

0-00000 

0*00000 

0*00000 


.79999 

.80000 

*00000 

•80000 

.80000 

*80000 

*80000 

.80000 

■80000 

.80000 

.80000 

•80000 

•80000 

*80000 

h 2° 

.20000 

.20000 

.200C0 

.20000 

•20000 

*20000 

*20000 

.20000 

.20000 

.20000 

*20000 

•20000 

*20000 

•20000 





R * 

0.25. PERCENT FUEL = 33*51. 0/F - 1.984 






150.00 

125.00 

107.14 

93.75 

81*96 

37.50 

15*00 

14.70 

7.50 

3.75 

1.50 

0-75 

0* 15 

0*08 

Temperature, °K 

1616 

174 5 

L 68 6 

1636 

1587 

1322 

1057 

1052 

887 

741 

561 

482 

310 

2 =6 


0*00011 

0.00007 

0*00004 

0*00003 

0*00002 

0*00000 

0*00000 

0-00000 

0.00000 

0-00000 

0*00000 

0*00000 

0*00000 

0*00000 


.74990 

.74994 

.74996 

.74998 

.74998 

* 75000 

•75000 

.75000 

. 75000 

.75000 

* 75000 

•75000 

• 75000 

• 75000 

n 2 

h 2° 

.24998 

.24999 

.24999 

.25000 

.25000 

•25000 

.25000 

•25000 

.25000 

.25000 

*25000 

•25000 

•25000 

• 25000 





R * 

0.30. PERCENT FUEL * 29.57. 0/F => 2.381 






150.00 

125.00 

107.14 

93.75 

82.38 

37.50 

15.00 

14.70 

7.50 

3.75 

1.50 

0-75 

0*15 

0*08 

Temperature, °K 

2092 

2015 

195 1 

1897 

1846 

1553 

1258 

1251 

1064 

095 

708 

590 

383 

317 


0.00077 

0*00051 

0*00036 

0*00026 

0*00018 

0*00002 

0*00000 

0-00000 

0-00000 

0-00000 

0*00000 

0*00000 

0*00000 

0*00000 


.69935 

.69957 

•69970 

.69978 

.69984 

.69999 

*70000 

.70000 

.70000 

.70000 

*70000 

•70000 

•70000 

• 70000 

H 2„ 

.29984 

.29990 

.29993 

.29995 

.29997 

* 30000 

*30000 

•30000 

.30000 

. 30000 

*30000 

•30000 

•30000 

*30000 

OR 

.00004 

*00002 

•00001 

•00001 

.00001 

•00000 

•ooooo 

•OOOOO 

.00000 

•OOOOO 

•OOOOO 

•OOOOO 

•OOOOO 

•OOOOO 





R * 

0.35. PERCENT 

UtL = 26.47. 0/F = 2.778 


150.00 

125.00 

107. 14 

93. 75 

83*19 

37*50 

15.00 

14.70 

7.50 

3.75 

1.50 

0*75 

0*15 

0*08 

Temperature , °K 

2339 

2259 

2193 

2137 

2C 3 7 

1772 

1431 

^ 1444 

1239 

1051 

030 

702 

460 

382 

H 

0*00296 

0-00215 

0*00161 

0*00124 

0*00097 

0*00014 

0*00001 

0*00001 

0.00000 

0-00000 

0*00000 

0-00000 

0*00000 

0-00000 

Ho 

• 64 7b 1 

.64826 

•64o69 

. 64899 

.64921 

. 64986 

.64999 

.64999 

.65000 

•65000 

•67000 

.65000 

.65000 

• 65000 

h 2° 

.34915 

.34941 

.34957 

.34968 

. 34976 

. 34997 

.35000 

.35000 

. 35000 

• 35000 

.35000 

.35000 

« 35000 

• 35000 

OH 

.00028 

.00018 

•00012 

*00009 

•00006 

•ooooo 

•ooooo 

•OOOOO 

•OOOOO 

•OOOOO 

•OOOOO 

•OOOOO 

•OOOOO 

•OOOOO 





R * 

0.40. PERCENT FUEL = 23.95. 0/F - 3.175 






150.0C 

125.00 

107.14 

93*75 

83*04 

3 / * 50 

15-00 

14. 70 

7.50 

3.75 

1* 5o 

0.75 

0*15 

0*08 

Temperature, °K 

2553 

2475 

241 u 

2333 

2306 

1978 

1630 

1631 

1410 

1206 

971 

019 

543 

652 

H 

0. 00758 

0*00593 

0*00474 

0*00386 

0*00322 

0*00067 

0*00006 

0*00006 

0.00001 

0-00000 

0*00000 

0*00000 

0*00000 

0*00000 

0 

.00001 

•00001 

•00000 

♦00000 

*00000 

•ooooo 

•OOOOO 

•ooooo 

•ooooo 

•ooooo 

•ooooo 

•OOOOO 

•OOOOO 

•ooooo 


.69418 

.59543 

.59633 

.59701 

.59750 

.59947 

.59995 

.59995 

.60000 

.60000 

*60000 

•60000 

.60000 

• 60000 

H2O 

.39/09 

.39782 

•39832 

.39867 

. 39892 

. 39981 

.39999 

.39999 

.*0000 

.40000 

.40000 

.40000 

•*0000 

•*0000 

OH 

•00115 

•00002 

•0006] 

*000*6 

♦00036 

•00004 

•ooooo 

•ooooo 

•ooooo 

•OOOOO 

*00000 

•ooooo 



•OOOOO 

•OOOOO 





R — 

0.45. PERCENT FUcL * 21 

.87. U/F * 3.571 





Pressure, lb/sq In. abs 

150*00 

125.00 | 

107*14 

93* 75 

84.32 

37.50 

15.00 

14.70 

7.50 

3.75 

1.50 

0*75 

0*15 

0*00 

Temperature, °K 

2733 

2659 

259o 

2342 

2499 

£171 

1019 

1012 

1378 

1369 

1 106 

939 

631 

520 

H 

0.01469 

0.01217 

0*01025 

0*00875 

0*00760 

0*00220 

0*00031 

0*00029 

0-0000* 

0-00000 

0*00000 

0*00000 

0-00000 

0*00000 

0 

•00006 

•00004 

•0000^ 

•00002 

*00001 

•ooooo 

•OOOOO 

•OOOOO 

•ooooo 

•OOOOO 

•ooooo 

•OOOOO 

•ooooo 

•ooooo 

Ho 

•5a94i 

. 54117 

• 64253 

♦34360 

♦54436 

. 54635 

.54977 

.54970 

,54997 

.55000 

.55000 

.55000 

• 55000 

•55000 

n c 

H20 

.44255 

•44408 

*44 62 0 

.44603 i 

• 44660 

•44920 

.44991 

.1*4991 

.44999 

.45000 

.45000 

.45000 

.45000 

.*5000 

02 

.00002 

• 00001 I 

•00001 

•00001 

•ooooo 

•ooooo 

•ooooo 

•ooooo 

.00000 

•ooooo 

•OOOOO 

•OOOOO 

•OOOOO 

•OOOOO 

OH 

•00328 

.00253 

•00199 

•00160 

•00134 

*00025 

•00002 

•00002 

.00000 

•ooooo 

•ooooo 

•OOOOO 

•OOOOO 

•ooooo 





R = 

0.50. PERCENT FUEL * 20-12. 0/F » 3.968 





Pressure, lb/sq In. abs 1 

L 50. 00 

125.00 

107.14 

93.73 

85*15 

37.50 

15.00 

14.70 

7.50 

3.75 

1.50 

0.75 

0* 15 

0*08 

Temperature , °K 

166 1 ! 

2811 

2 752 

2701 

2664 

2 346 

1994 

1986 

174 3 

1512 

1242 

1063 

724 

608 

H 

0*02339 1 

0-02026 

0*01776 

0.01*73 

0*01434 

0*00537 

0»00l08 

o.ooio* 

0.0C021 

0*00003 

0*00000 

0*00000 

0*00000 

0-00000 

0 

*00021 : 

•00015 

•00011 

•00006 

-00007 

•00001 

•ooooo 

•OOOOO 

•ooooo 

•OOOOO 

•ooooo 

•OOOOO 

•ooooo 

•OOOOO 

Ho 

.48452 ' 

•4864b 

.40804 

,40934 

.49024 

.*9622 

.49921 

.49925 

,49904 

.49990 

. 50000 

•50000 

*50000 

• 50000 

H20 

.48452 ; 

•48713 

.48911 

.49063 

*4916 / 

. 49 746 

.49939 

.49961 

.49993 

.49999 

•50000 

•50000 

.50000 

•50000 

02 

*00009 

•00006 

*00005 

♦00003 

•00C 3 3 

•ooooo 

•ooooo 

•ooooo 

•ooooo 

•OOOOO 

•OOOOO 

•OOOOO 

•OOOOO 

•OOOOO 

OH 

.00727 

.00594 

•00493 

•00416 

•00366 

•00095 

•oooll 

•ocoio 

.00001 

•OOOOO 

•ooooo 

•OOOOO 

•ooooo 

•OOOOO 





R = 

0.60. PERCENT FUEL = 17.35. 0/F = 4.762 





Pressure, lb/sq In. abs 

150.00 

125. OU : 

10/. 1 4 

9a.?3 

86.09 

3 7.50 

15.00 

14. 70 

7.50 

3.75 

1.50 

0.75 

0*15 

0*08 

Temperature , °K 

3097 

303e> 

£98 5 

294Q 

2911 

£630 

2305 

2300 

2028 

101- 

151a 

1317 

924 

786 

H 

0.04050 

0.03714 

0. 0343 3 

0»C’31V3 

0*030*2 

0*01688 

0» 00625 

0 *0060 6 

0.00211 

0*00051 

0-0000* 

0-00000 

0*00000 

0*00000 

0 

.00139 

.00113 

.00094 

• 000 78 

•00070 

. one 1 7 

•00002 

•00002 

. ooooo 

•ooooo 

•ooooo 

•OOOOO 

•ooooo 

•OOOOO 


. 36 U 3 3 ! 

. 3 0 1 6 1 

• 3023 / 

• JO07 1 

• 3 0 4 1 2 

• J 9 0 3 3 

.39613 

. J9623 

,39004 

. ->9966 

♦39997 

•400C0 

•*0000 

.*0000 

H2 

H2O 


. 30UJC 

# O *-r «t O 

• DO iot 


• 70O£ 9 

.39EQJ 

• 3*010 

.29690 

.599 fa 

. 3999b 

•60000 

•6uooo 

•60QOC 

02 

.00002 

. 00067 

•00056 

•00047 

•000*2 

*0001 1 

•00001 

•00001 

•ooooc 

•ooooo 

•OOOOO 

•OOOOO 

•ooooo 

•OOOOO 

OH 

.02181 ; 

.01923 

*01 716 

• Oif'o 

.01440 

*00623 

» 00 i ^ 7 

.00162 

.00036 

•COOC5 

•ooooo 

•ooooo 

•ooooo 

•OOOOO 



K = 

U.70* HE-tCtriT FULL = 15.25. U/F = 5.35 

6 





Pressure, lb/sq In. abs 

150.00 

126.00 

U) 7 . 1 4 

•, - , r - 

■b ft * 6 6 

3 7.50 

15.00 

14.70 

7.50 

3.7b 

1.50 

0.75 

0*15 

0*00 

Temperature, °K 

3 2 3 i 

i l f t> 

3 1 j 0 

— " 7 * 

o 6 0 

2 02 3 

2 3 30 

2544 

2 33 1 

2 li}2 

l / 9 7 

ib 79 

U4£ 

983 

H 

. L 3 1 3 1 


0*40'! 7 

.mh :. 9 t; 

.0-2 / .1 

0*02980 

0«C lt>64 

0.0163 / 

0*00601 

0*00539 

0-000=9 

o-oodo 

0*00000 

o.oooon 

0 

■ !)0 44 9 

• 00 3*4 

*00 3?:. 

. or 3 1 9 

•00/94 

•00126 

•00032 

• 0C0 3 0 

• CCOO 7 

• DC CO 1 

•OOOOO 

•ooooo 

•ooooo 

•OOOOO 


• 9 1 J J 

• C > U 9 1 

• £ *\JU J 


. 2 - v b - 

• £4040 

.29296 

. £9306 

. £97 /0 

• 2 9 O 1 6 

. £ 99 6 a 

.29994 

•30000 

• 30000 

H2O 

• 6 3 9 1 

.Bi / 

• u i 9 C 1 



• OJDJ 


,OOi47 

. D 9 1 9 9 

* e 9 /4 7 

,69 9b 7 

.69997 

•70000 

• 70Q0C 

Oo 

• VO 3 7 6 

•00334 

. 30 3 0 1 

• on;-’ f * 

. r -> o 

*00117 

•00031 

.00050 

.00007 

•0C0C1 

•OOOOO 

•ncooc 

• ooooo 

•ooooo 

OH 

• ■-4 32 3 

.03983 

.03711 


. 0 ,i i ■> a 

•01993 

* 0 0 o 7 2 

•00632 

.003*6 

.00097 

•00009 

•OOOOi 

•ooooo 

•OOOOO 
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TABLE IV. - Continued. EQUILIBRIUM COMPOSITION OF PRODUCTS CF REACTION AT ASSIGNED PRESSURES FOR 

LIQUID HYDROGEN AND LIQUID OXV3EN 

[Isentropic expansion from chamber conditions; compositions are given in mole fractions. 
Equivalence ratio, R; oxidant-fuel ratio, 0/F . ] 

(b) Concluded. Combustion-chamber pressure, 150 poinds per square inch absolute 


H = 0.80* PtRCtNT FULL * 13 -6L» 0/F = 6.349 J 

Pressure, lb/aq In. aba 
Temperature, °K 

150*00 

33Q4 

125.00 

3253 

10T. 14 
3211 

93.75 

3174 

b6.97 

3134 

3 7.50 
2*3 3 

15.00 

2 / 04 

14.70 

26*9 

7.50 

232b 

3.75 

2336 

i.3q 

2Q64 

0* /3 
1640 

0.1* 

13/3 

0*08 

1199 

H 

0 

Slo 

oS 

0* 05409 
.00948 
.22134 
• 63 789 
.01095 
.066/4 

0.05174 
*00870 
.21952 
♦64703 
• 01030 
.06271 

0.04*77 

.00806 

.21000 

.63470 

.00973 

•05974 

0*04007 

.00752 

1609 

•66126 

.00925 

.05719 

0.0^712 

.00723 

.21597 

*66495 

•00897 

.05577 

0.03661 
.00431 
•20628 
. /Q45 / 
•00593 
•04031 

0*02532 
.00197 
.20161 
• 743(j 1 
*00300 
•0248* 

0 . 1- 2 5 2 0 
-00193 
.2014* 
. 437* 

.'1 029 4 
■ r <:4 d 7 

0.01751 
.0008* 
. i*d35 
. / b6o * 
.00135 
• 0 1 4<s6 

0.01028 
•00025 
.1*761 
■ 70433 
•00091 
.00 712 

0.00543 

•00002 

.19664 

.7*627 

•00003 

*00159 

0.00103 
•00000 
. 19951 
. 79*13 

•00000 

•00031 

c. 00002 
•00000 
.199*9 
. 7y**'* 
*00000 
•00000 

0.00000 

•OOOOO 

•20000 

•80000 

•00000 

•00000 


R = 0.90* PERCENT FUtL = 12.2- . U/F = 7.143 

Pressure, lb/sq In. aba 
Temperature, °K 

150.00 

3336 

125.00 

3286 

107.14 

3246 

93.75 

3211 

87.09 

3192 

37.50 

2964 

15.00 

2775 

4.70 
2 7 70 

7.50 

2623 

3.73 
2 4/ 4 

1.50 
2 2 6 7 

0-75 

2092 

0.15 

1626 

0*08 

1437 

H 

0 

Sfo 

oS 

0.05120 
•01521 
• 1690o 
.65494 

•02360 

.08600 

0.04913 
.01426 
. 1664 3 
,66461 
.02289 
.08247 

0.04740 

.01351 

. 1641U 
.67313 
.02226 
.07952 

0*04592 
.01287 
. lo2^2 
•60031 
.02171 
.07697 

0*04510 
•01252 
.16113 
•b642 1 
.02140 
.07558 

0*03611 
•00882 
• 14031 
. / 209 3 
.01759 
.06002 

0*02704 

.00349 

.13461 

.77373 

•01300 

.04411 

0.' 268 5 
.00543 
. - 3430 
. Z677 

.1 1289 
■ (..4377 

0.02072 
.00347 
. 12432 
,60*23 
.00936 
.03291 

0*01493 

•001*0 

.11474 

.64001 

.00583 

.02259 

0*00623 
.00057 
.104/3 
.87358 
.00203 
•0 1066 

0*00416 

•00013 

- 10073 
.89004 
•00049 
• 00444 

0*00023 

•00000 

.0*992 

.8*977 

•00000 

•00009 

0*00004 
•00000 
, Q*998 
.89997 
• OOOOO 
•00001 

R = 1.00* PtRCtNT FULL = ll.lv* 0/F = 7.937 



Pressure, lb/sq In. aba 
Temperature , °K 

150.00 

3341 

125.00 

3292 

107.14 

3232 

93. 75 
3217 

87.13 

3199 

37.30 

2*94 

15-00 

2/6* 

14. 70 
2783 

7.50 

2 644 

3.75 

2505 

1.50 

232 3 

0.75 
2 1 bd 

0.15 

1850 

0*06 
1 6b <3 

H 

0 

h 2 

h 2 o 

02 

OH 

0.04560 

.02044 

.13070 

.66145 

.04143 

.10038 

0.04368 
•01940 
. 12776 
.67146 
.04090 
•09661 

0.04207 
•01854 
. 12526 
.67991 
•0404? 
. 0936 ^ 

0.04069 
•01761 
. 12306 
.66721 
•04000 
.09123 

0.03994 
.01741 
.12166 
.69121 
.039 I 5 
,06982 

0.03166 
.01317 
.10759 
. 73690 
•03662 
•074Q3 

0.02349 
.00921 
.09139 
.78351 
•03^46 
.03 79 3 

0.- 2332 
C 9 1 3 
-> V 1 0 2 
. 8658 

. • 3 2 3 8 
.. 5756 

O.Ql 792 
.00669 
.07674 
.62121 
.02666 
.0463* 

0.01297 

•00458 

.06566 

.63561 

.02486 

.03611 

0*00755 

.00243 

.04876 

.8902* 

.01910 

.02382 

0 • 00442 
•00133 
-03619 
.92 / 3 / 
•01955 
•01593 

0*00057 

.00013 

.0H64 
• 9 7*oi 
.00496 
•00366 

0*00013 
•00003 
* 00514 
•99114 
*00226 
*00130 

R * 1.50* PERCtNT FUtL = 7.74 » U/F = 1.905 

Pressure, lb/Bq in. abs 
Temperature , °K 

150.00 

3219 

125.00 
3 169 

107.14 

3127 

93.75 

3091 

8 6 .96 
3071 

37.50 

2653 

15.00 

2626 

4.70 
262 1 

7.50 

2435 

3.73 

2281 

1.30 

2037 

0.73 

1042 

0*15 

1393 

o*os 

1220 

H 

0 

H2 

h 2 o 

02 

OH 

0.01925 
.02906 
.04359 
.02612 
, lt>847 
.11152 

0.01792 
.02743 
.09143 
• 6 3 64 6 
. 16963 
. 10693 

0*01683 
.02607 
.03961 
.04340 
. 1709 7 
. 10306 

0*01591 
.02491 
.03605 
, 04946 
.17195 
.09972 

0.01540 
•02427 
•03716 
.6326 1 
. 1 7249 
.09785 

0*01017 

•01747 

•02759 

.60917 

.1/642 

.07718 

0*00563 
•01103 
•01 ^96 
. 72332 
,18443 
.05362 

0- 0554 
. 1090 
. 1776 
. 2608 
, 8438 
. 3515 

0.00309 
.00698 
•01162 
. /4926 
. 16666 
.04036 

0*00139 
•00362 
•00649 
.76*22 
. 1*246 
.02661 

0*00030 
.00122 
•00212 
. 76766 
.1*64* 
.01220 

0-00006 

• 00035 
-00062 
. 793 2 3 
. 19b46 

* 00^26 

0-00000 

•00000 

•00001 

,79961 
. 1*992 
.00026 

0*00000 
•00000 
•00000 
.79997 
. 19999 
•00004 


R = 2.00* PERCENT FUtL = 5.92 * U/F = 5.873 j 

Pressure, lb/Bq In. aba 
Temperature, °K 

150-00 

3045 

125.00 

2992 

107.14 
294 7 

93. 75 
2909 

66*67 

2666 

37.50 

t b49 

15.00 

25oo 

4.70 

2 38* 

7.30 
2 164 

3.73 
1* 74 

1.50 

16*4 

0*75 

14y2 

0*15 

1084 

0.08 

935 

H 

0 

H2 

h 2 o 

0 2 

OH 

0.00745 

.02225 

.01742 

.57060 

.29542 

.06666 

0*00667 
.02043 
.01608 
.57738 
.29 769 
.06157 

0*00604 

.01893 

.01497 

.36203 

.29**4 

.07730 

0*00552 
.01767 
.01403 
• 3*746 
.30109 
•07363 

0.00523 

.01594 

.01346 

.5*015 

. 30270 
.07149 

0*00263 

•01005 

-00819 

• 61669 

• 3l2b3 
.04961 

0-00091 

.00433 

.003/9 

.64010 

.32^03 

•02664 

0» '0088 
. 044 3 
. 0371 

• 40 33 

. 222 i 

. 2822 

0.00029 
.00194 
.00166 
, b 3 2 7 6 
,32/22 
.01610 

0 *00006 
.00061 
.00054 
.660/2 
. 33062 
. 00 744 

0*00000 
•00007 
•00007 
.60533 
• 332 /0 
-00183 

0-00000 
•OOOOl 
•OOOOl 
.66633 
. 33316 
-00046 

0*00000 

•00000 

•00000 

.66666 

.53333 

•00000 

0*00000 

•ooooo 

-OOOOO 
. 6666 7 
.53333 
*00000 

R = 3.00* PERCENT FubL = 4.03 * U/F = 3-010 


PresBure, lb/sq in. aba 
Temperature, °K 

150.00 

2695 

125.00 

2634 

107.14 

2562 

93.75 

2537 

6 5.66 
2507 

37.50 

2226 

15.00 

1914 

4.70 

1907 

7.30 
16b / 

3.73 

1473 

1.30 

1224 

0.75 
105 7 

0*00000 

•00000 

•00000 

•50000 

•50000 

-00000 

0*15 
7 36 

0*08 

625 

H 

0 

h 2 

H20 

02 

OH 

0*00096 

.00762 

*00307 

*46923 

.48042 

.03870 

0*00077 
.00641 
. 00260 
.47297 
.4626** 
.03441 

0.00062 

.00549 

•00224 

.475*4 

.HO** 1 6 

.03096 

0*00051 

•00475 

.00195 

.47037 

.40632 

.02809 

0*00045 
•00429 
•00176 
,4/9*6 
.48 734 
.0262 1 

0*00010 

.00139 

•00059 

-49117 

.49449 

.01226 

0*00001 

*00023 

•00010 

.4*746 

.4*646 

.00372 

0- '0001 
. '0022 
- '0010 
. *736 
. 98 31 
. io360 

0.00000 

•00004 

•00002 

.4**27 

.4**56 

.00112 

0-00000 
•00000 
•OOCOO 
• 4 * 9o 4 
.49990 
.00025 

0*00000 

-00000 

-00000 

.49V*y 

.49999 

♦00002 

0*00000 

•00000 

•00000 

•50000 

.50000 

•00000 

0*00000 
•ooooo 
• ooooo 

• 3 U - j J f , 
.30000 

•ooooo 


R = 4.00* PERCENT FUEL = 3.05 » 0/F = 1.746 1 

Pressure, lb/sq in. aba 
Temperature, °K 

150*00 

2363 

125.00 

2295 

107.14 

2236 

93.75 

£ lOO 

64.31 
2 149 

3/. 30 

1 O *9 

15.00 

1333 

4. 70 
134V 

7.50 
133 0 

3, t? 
i loo 

i.50 

*3 3 

0-75 
6 14 

0.15 
33 tL 

0 .ooooc 

• 00000 
•00000 
•40000 

• bOOCiQ 
•00000 

0»08 

463 

H 

0 

Slo 

Si 

0*00009 
.00169 
• J0047 
.39096 
.59335 
.01343 

0.00006 
•00126 
.00035 
. 39265 
. 3 946 3 
.01105 

0*00004 

.00097 

•00027 

.39309 

.39557 

.00926 

0*00003 

.00076 

.00022 

.3*020 

.00787 

0*00002 

.00062 

.00018 

.39631 

.3*6/0 

.00666 

0-00000 

*00010 

*00003 

.3*0/2 

-3**1 1 
.00204 

0*00000 

•00001 

•coooo 

.39*00 

• 59Vbb 
•00033 

0* >0000 
. !0001 
. .'0000 
. '**0 i 
. **o / 
. ,00 32 

0-00000 
.00000 
. 00 000 
. 3*9 9 6 
.399*0 
. 00006 

0.00000 

.00000 

•ooocc 

.40000 

•O000O 

•OOOOl 

0-00000 

•00000 

•ocooo 

. 40COO 
•60000 
•00000 

0.00000 
•coooc 
. 0000c 

• 4 000C 

• fa 00 Ou 
•00000 

O-OOOOo 

•OOOO^ 

•oooor 

.40000 

• 6.3UO 

•000 on 


R = 5.00. PERCtNT FULL = 2.45.* U/F = 5.683 




Pressure, lb/sq In. abB 
Temperature, °K 

150.00 

2066 

125.00 

1998 

107.14 

194* 

93. 75 
1692 

83.45 
1 b50 

37.50 

15/6 

15.00 

13C3 

4.70 

12*o 

7.50 

1122 

3 . 73 
* 6 1 

1.30 
7 /o 

0.73 

too 

0.15 
4 36 

0 • 08 
36 5 

H 

0 

H2 

H2O 

0 2 

OH 

0.00001 

.00028 

•00006 

.33094 

.66462 

-00389 

0*00000 

.00018 

•00004 

.33154 

.66529 

.00295 

0*00000 
•00013 
•00003 
.33194 
,0636 1 

•00230 

0.00000 

*00009 
*00002 
.3322.: 
• 665 c 3 
•00183 

0*00000 
-00007 
•00001 
. J 3 2 4 J 
. 6 b 39 9 
.00149 

0.00000 

•OOOOl 

♦oocoo 

• 33316 
. 66634 
. con3n 

0-00000 

•oocoo 

•oocoo 

, 3 J33* 
•bOtbb 

• 00003 

0* >0000 
* >0000 
* >0000 
. '3332 
• ,6666 
• >0003 

0.00000 

.00000 

•oocoo 

.33 333 
, o b 6 6 / 
•00000 

0- 0000 
•OOCC'C 

•oocoo 

.33333 
. 6 660 7 
•OOCOO 

0*00000 

•00000 

•oocoo 

. 33333 
• 6666 / 
. 00000 

0-00000 

•00000 

•oocoo 

.33333 
•6666 ! 
•OOCOO 

0*00000 
•00000 
•00000 
.33333 
, 6 u 6 6 7 
•OOCOO 

0-00000 

•OOCOn 

•OOCCn 

• 33333 

• 66667 
•OOOOO 
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TABLE IV. - Continued. EQUILIBRIUM COMPOSITION OF PRODUCTS OF REACTION AT ASSIGNED PRESSURES FOR 

LIQUID HYDROGEN AND LIQUID OXYGEN 

[Isentropic expansion from chamber conditions; compositions are given in mole fractions. 
Equivalence ratio, R; oxidant-fuel ratio, O/F.j 

(c) Combustion-chamber pressure, 300 pounds per square inch absolute 







R - 

0.15. PERCENT FUEL = 45.65. O/F * 1.190 





Pressure, lb/sq in. 

aba 

300.00 

250.00 

214.29 

187.50 

L60.84 

75.00 

30*00 

15.00 

14.70 

7.50 

3.00 

1.50 

0.30 

0.15 

Temperature , °K 


1 183 

1129 

1085 

1049 

1008 

824 

643 

532 

529 

439 

340 

280 

175 

142 

h 2 


0.85000 

0-85000 

0.85000 

0.85000 

0.85000 

0*85000 

0*85000 

0.85000 

0.85000 

0*85000 

0*85000 

0.85000 

0* 8 5000 

0*85000 

h 2 o 


.15000 

• 15000 

-15000 

. 15000 

.15000 

.15000 

.15000 

•15000 

.15000 

.15000 

.15000 

• 15000 

.15000 

. 15000 






R = 

0.20. PERCENT FUEL = 38.65. O/F - 1.587 





Pressure, lb/sq In. 
Temperature, °K 

abs 

300.00 

250.00 

214.29 

187.50 

162.47 

75.00 

30.00 

15.00 

14.70 

7.50 

3.00 

1.50 

0*30 

0.15 


151*. 

1450 

1398 

1 354 

1307 

1079 

852 

709 

7 0 6 

588 

458 

379 

242 

196 

Ho 


0.80000 

0.80000 

0.80000 

0*80000 

0.80000 

0* 80000 

0*80000 

0*80000 

0.80000 

0*80000 

0*80000 

0*80000 

0*80000 

0*80000 

H 2 0 


.20000 

.20000 

•20000 

•20000 

.20000 

•20000 

*20000 

•20000 

.20000 

•20000 

•20000 

•20000 

•20000 

•20000 






R = 

0.25. PERCENT FUEL = 33.51. O/F - 1.96 

4 



aba 

300.00 

250.00 

214. 2^ 

187.50 

163.91 

73.00 

30*00 

15.00 

14.70 

7.50 

3.00 

1.50 

0*30 

0.15 

Temperature, °K 


1 d 1 7 

1 ?45 

Itt) j 

1636 

1587 

1322 

ln57 

887 

862 

741 

58 1 

482 

310 

256 

H 


0.00008 

0.00005 

0-00003 

0.00002 

0.00001 

0.00000 

0*00000 

0.00000 

0.00000 

0-00000 

0-00000 

0-00000 

0-00000 

0*00000 

Ho 


.74993 

,74996 

. 74997 

.74998 

.74999 

■ 75000 

.75000 

.75000 

.75000 

•75000 

.75000 

.75000 

. 75000 

•75000 

h 2 o 


.24999 

.24999 

.25000 

.25000 

•25000 

•25000 

•25000 

•25000 

.25000 

.25000 

.25000 

•25000 

•25000 

.25000 






R * 

0.30. PERCENT FUEL - 29.57. U/F * 2.381 





Pressure, lb/sq in. 

abs 

300.00 

250.00 

214.29 

187.50 

165.12 

75.00 

30*00 

15,00 

14.70 

7.50 

3.00 

1.50 

0«30 

0«15 

Temperature, °K 


2093 

2016 

1952 

1897 

1846 

1553 

1257 

1064 

1059 

895 

707 

590 

363 

317 

H 


0.00055 

0.00037 

0. 00025 

o.oooia 

0*00013 

0*00001 

0*00000 

0*00000 

0.00000 

0*00000 

0*00000 

0-00000 

0*00000 

0-00000 

h 2 

h 2 o 


.69954 

.69969 

.69979 

.69985 

.69989 

.69999 

*70000 

.70000 

.70000 

.70000 

.70000 

.70000 

•70000 

*70000 


.29988 

.29993 

.29995 

.29997 

•2y998 

•30000 

*30000 

.30000 

•30000 

•30000 

•30000 

•30000 

*30000 

*30000 

OH 


•00003 

*00002 

• 00001. 

•00001 

•00000 

•00000 

*00000 

•OOOOO 

•OOOOO 

•00000 

•OOOOO 

•OOOOO 

•OOOOO 

•OOOOO 






R = 

0.35. PERCENT FUEL = 26.47. O/F « 2*778 







300.00 

250.00 

214.29 

187.50 

166.26 

75.00 

30*00 

15.00 

14.70 

7.50 

3*00 

1.50 

0*30 

0.15 

Temperature, °K 


2344 

2263 

2196 

2 139 

2088 

1771 

1451 

1238 

1232 

1051 

838 

702 

460 

362 

H 


0.00214 

0*00155 

0.00116 

0.00089 

0*00069 

0*00010 

0*00001 

0-00000 

0.00000 

0*00000 

0*00000 

0*00000 

0*00000 

0-00000 

h 2 


. 64827 

.64875 

.64906 

.64928 

.64944 

.64992 

.65000 

.65000 

.65000 

•65000 

.65000 

•65000 

.65000 

.66000 

h 2 o 

OH 


.34939 

.34957 

.34969 

.34977 

. 34983 

. 34998 

.33000 

.33000 

.35000 

.35000 

.35000 

* 35000 

.35000 

.35000 


.00020 

•00013 

•00009 

•00006 

*00004 

■00000 

*00000 

•OOOOO 

.00000 

•OOOOO 

•00000 

•OOOOO 

•OOOOO 

•OOOOO 






R = 

0.40. PERCENT FUEL = 23.95. O/F * 3.175 





Pressure, lb/sq in. 

abs 

300.00 

250*00 

214.29 

187.50 

167.44 

75.00 

30*00 

15.00 

14.70 

7.50 

3.00 

1.50 

0-30 

0*15 

Temperature, °K 


2565 

2484 

2417 

2359 

2310 

1978 

1637 

1409 

1403 

1205 

970 

819 

542 

452 

H 


O.OC565 

0.00437 

0.00347 

0.00281 

0.00233 

0.00048 

0*00004 

0-00000 

0.00000 

0.00000 

0.00000 

0*00000 

0-00000 

0.00000 

0 

h 2 

h 2 ° 

OH 


* 0000 1 
. 59566 

*00000 
. 59662 

•ocooo 

.59731 

* 00Q00 
.59782 

•00000 

.59819 

:m2°2 

:ww 

•OOOOO 

•60000 

•OOOOO 

.60000 

•OOOOO 

•60000 

•OOOOO 

.60000 

*00000 

•60000 

•OOOOO 

•60000 

•OOOOO 

•60000 


. 39782 

. 39839 

.39877 

.39903 

.39922 

. 39987 

.39999 

•40000 

.40000 

•40000 

.40000 

•40000 

•40000 

•40000 


. 00086 

•00061 

•00045 

♦00034 

•00026 

•00003 

•00000 

•OCOOO 

•OOOOO 

•OOOOO 

•00000 

•OOOOO 

•OOOOO 

•OOOOO 






R = 

0.45. PERCENT FUtL = 21.87. O/F = 3.571 





Pressure, lb/sq in. 

abs 

300.00 

250*001 

214.2* 

167.50 

168.67 

75.00 

30*00 

15.00 

14.70 

7.50 

3.00 

1*50 

0*30 

0.15 

Temperature, °K 


2755 

2677 

2611 

2555 

2310 

2173 

1018 

15/6 

1369 

1336 

1105 

938 

630 

527 

H 


0.01130 

0.00927 

0.00773 

0*00654 

0*00570 

0*00157 

0*00021 

0.00003 

0.00003 

0-00000 

0*00000 

0*00000 

0*00000 

0*00000 

0 


.00003 

.00002 

.00001 

•00001 

.00001 

.00000 

•00000 

•OOOOO 

.OOOOO 

•00000 

•OOOOO 

•OOOOO 

•OOOOO 

•OOOOO 

H2 

h 2 o 


.54185 

. 54326 

.54436 

.54521 

.54582 

.54882 

.54984 

.54998 

. 54998 

.35000 

.55000 

.55000 

.55000 

. 55000 


. *4 423 

. 4954 7 

.44636 

.44702 

.44747 

.44943 

.44994 

.44999 

.44999 

.45000 

.45000 

.45000 

•45000 

.45000 

02 


. noooi 

*00001 

•00000 

•OOOOC 

•00000 

•00000 

•00000 

•OOOOO 

•OOOOO 

*00000 

•00000 

•00000 

•OOOOO 

•OOOOO 

OH 


. 00258 

.00196 

•00153 

•00122 

.00101 

•00018 

•00001 

•OOOOO 

.00000 

•OOOOO 

•OOOOO 

•OOOOO 

•OOOOO 

•OOOOO 






R = 

0.50. PERCENT FUEL = 20.12. O/F = 3.96 

□ 

Pressure, lb/sq in. 
Temperature, °K 

abs 

300.00 

250.00 

214.29 

187.50 

169.95 

75.00 

30-00 

15.00 

14.70 

7.50 

3.00 

1.50 

0*30 

0.15 


2915 

2 84 1 

2 778 

2724 

2684 

2352 

1992 

1740 

1732 

1509 

1240 

1060 

722 

60 7 

H 


0.01858 

0-01592 

0.01383 

0*01214 

0*01097 

0*00391 

0*00076 

0*00016 

0*00019 

0*00002 

0*00000 

0*00000 

0*00000 

0*00000 

0 


•00014 

• 00010 

•00007 

•00005 

*00004 

•OOOOO 

•00000 

•OOOOO 

•OOOOO 

•OOOOO 

•OOOOO 

•OOOOO 

•OOOOO 

•OOOOO 

H2 

h 2 o 

0 2 


• 48 771 

•4893b 

.49069 

.49177 

.49253 

.49725 

.49943 

.49989 

.49990 

.49999 

.50000 

.50000 

.50000 

• 50000 


• <♦8758 

♦4d9d0 

.49145 

.49273 

.4*359 

.49815 

.49971 

.49993 

.49993 

.49999 

.30000 

•50000 

.50000 

• 50000 


•0”006 

•00004 

•00003 

• 00C02 

.00002 

*00000 

•00000 

• OOOOO 

•OOOOO 

•OOOOO 

•00000 

•00000 

•OOOOO 

•OOOOO 

OH 


• On 596 

•00479 

•00393 

.00328 

•00285 

•00070 

•00008 

•0000 1 

•ooooi 

•OOOOO 

*00000 

•OOOOO 

•OOOOO 

•OOOOO 






R = 

0.60. 

5 ERCENT FUtL = 17.35. O/F = 4.762 ■ 

Pressure, lb/sq in. 

abs 

3UG.00 

250.00 

214.29 

187.50 

171.73 

75.00 

30*00 

13.00 

14.70 

7.50 

3.00 

1.50 

0.30 

0.15 

Temperature, °K 


J 155 

j 069 

3033 

2985 

2953 

2652 

2511 

2034 

2047 

1808 

1512 

1311 

919 

762 

H 


0. 03386 

0.03080 

C. 02826 

0*02611 

0.02472 

0-01303 

0*00450 

0.00143 

0.00140 

0*00034 

0*00003 

0.00000 

0*00000 

0-00000 

0 


.001 on 

. 00080 

•00C65 

.00054 

•C0C47 

•00010 

•00001 

•OOOOO 

.00000 

•OOOOO 

•00000 

•00000 

•OOOOO 

•OOOOO 

h 2 


.36327 

. j a 46 7 

.38564 

.53650 

. 38 7 J 7 

. 39252 

.39/20 

♦ 39906 

. 399 q ^ 

.399/7 

.39998 

.40000 

•40000 

.40000 

h 2 o 


.56191 

.56662 

.57056 

*5 7 5 41 

.57331 

.38937 

.59/14 

.39924 

. 3992 7 

.39983 

.59999 

.60000 

.60000 

•60000 

02 


• H0059 

.000*7 

•00039 

• COO 32 

•00028 

•00006 

•ooooi 

•OOOOO 

•00000 

*00000 

•OOOOO 

•OOOOO 

•OOOOO 

•OOOOO 

OH 


♦01907 

.01664 

.01470 

.01313 

.01214 

*00492 

•00114 

•00025 

.00023 

•0000* 

•OOOOO 

•OOOOO 

•OOOOO 

•OOOOO 






H - 

0.70. 

j iKCENT full = 15.25. U/F = 5.556 





Pressure, lb/sq in. 

abs 

3 J-.-.C!" 

i 50.00 

2.4.29 

i 3 ■' • 5 rj 

1 7 2.9B 

7300 

30*00 

I5.no 

14. 7 0 

7.30 

3.00 

1.50 

0*3o 

0.15 

Temperature, °K 


> 3 ■; 7 

J29 3 

5 14c 

-1-- 

- i -■ 0 

2 065 

2369 

2335 

2 32 0 

2093 

i 7a5 

1 360 

11 J3 

9 75 

H 


O. '49 3 3 

0.04 It 5 


C • 0 ' 7 4 . 

C • ib/. o 

0*02*40 

0 » 0 1 7 6 0 

0 • 0 0 6 2 3 

0.0060 1 

0*00230 

0*00038 

0*00007 

0-00000 

0*00000 

0 


• '’53 

• fT 6 

•00259 

2 3’ 

.C0222 

•00087 

•00019 

•00004 

.00003 

•00000 

.00000 

•OOOOO 

•OOOOO 

•OOOOO 

Sio 

oS 


. V 2 t J 


• - -’ 2 'J 

li'ViOU 

.291 /e 

. 292 1 0 

• 2941. i 

• 2 

. 2 96* 9 

.248 74 

.249 7 7 

.29996 

.30000 

•30000 


.ulc ,’«* 

. <J 2 3 5 

, O > •, :: t 

• d [• 

. o .. 1 ! 9 

. 004 / / 

. 6 8 J 4 4 

. t>94^ 3 

.69443 

.69830 

.649/9 

.6999 7 

.70000 

• 70000 



♦ r \ J 6 2 

« 0 0 2 i: 


• r-r 196 

.00081 

•00018 

•00003 

.00003 

•00000 

•00000 

•OOOOO 

•OOOOO 

•OOOOO 


. : 3 9 7c' 

- : .'.t**£* 

. C- i i-6 8 

. I'l 3 1 •> ; 

.0/99 J 

• 01 1 05 

•00666 

.00253 

.00244 

•00065 

•00006 

•ooooi 

•OOOOO 

•OOOOO 
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TABLE IV. - Continued. EQUILIBRIUM COMPOSITION OF PRODUCTS OF REACTION AT ASSIGNED PRESSURES FOR 

LIQUID HYDROGEN AND LIQUID OXYGEN 

[Isentropic expansion from chamber conditions; compositions are given In mole fractions. 
Equivalence ratio, R; oxidant-fuel ratio, 0/F . ] 

(c) Concluded. Combustion- chamber pressure, 300 poum s per square inch absolute 


1 


R = 0*8 0* PERCENT FUEL = 1 3 • 

, 60 « U/F = 6.34 




, 

r 

Pressure, lb/gq in. aba 
[“emperature, U K 

300.00 

3393 

250*00 

3338 

214.29 

3292 

187.50 

3253 

173.66 

3231 

75.00 

299a 

30*00 
2 74* 

15. DO 
2530 

14.70 

2344 

7.50 

034* 

3-00 

0033 

1-50 

1030 

0*30 

136Q 

0-15 

1105 


^2 

*20 

3H 

*• 04 749 
.00793 

• 6b 200 
■ 00939 
.06318 

J. 04529 
.00722 
.21819 
• 66098 
*00876 
.05956 

0.04344 
.00665 
.21667 
.66049 
.0062^ 
•0565 j 

3*0*185 

.00617 

.21536 

.67492 

•00776 

.05393 

3.0*094 

.00590 
. 2 14b 3 
.67838 
.00750 

.0^243 

0*03116 

• 00334 
•20/16 
.71604 

• 00470 
.03681 

D. 02091 
.00139 
. 2 0 1 08 
*73096 
•00215 
• 02 » 34 

0*01370 
• QC03 3 
.13 0 3 0 
.7/409 
. OOC 36 
.01*0* 

3.01349 
.0005 1 
.1903* 
.77400 
.0008 3 
.01180 

0-00/32 
•00013 
.19010 
• 7bb 73 
• 00022 
.00327 

>00228 
.00001 
• 19908 
. 79759 

•ooooi 

.00103 

0*00064 

-OOOOO 
•I9y69 
. 79940 

•ooooo 

-00019 

o-ooooi 

•OOOOO 

•20000 

•80000 

•ooooo 

•OOOOO 

0*00000 

•ooooo 

•0OOOO 
• 80000 
•ooooo 
• ooooo 

■ 




R = 0.90. PERCENT FUlL = 12.28. U/ 

- 7.14 

3 



____ 



Pressure, lb/sq in. aba 
remperature , °K 

300.00 

3430 

250*00 

3377 

214.29 

3334 

187.50 

3296 

173.98 

3276 

75.00 

3054 

30*00 

2029 

15.00 
2 i bfc 

14.70 

0 6b 1 

7.50 

25Q3 

3.00 
0 2 7b 

1-50 

206* 

0-30 

1606 

O.ib 

141b 


H 

0 

h 2 

h 2 o 

oi 

3.04506 
.01323 
• 16562 
.67094 
•02140 
•08385 

0.04313 
.01237 
. 16261 
.68077 
.02068 
.08023 

0.04153 

.01167 

.16051 

.68904 

•02006 

.07720 

0.0*015 
.01107 
• 15B5Q 
.69619 
.01950 
.07*58 

C. 03939 
.01075 
. 15737 

«7001o 

.01919 

.07313 

0.03109 
•00738 
. 14*64 
. 7 443 7 
•01540 
*05721 

0.022/0 

•00440 

.13089 

.79034 

.01090 

•04098 

0 . 0 1 0 5 
.00. 6* 
.10030 
.00. / 1 
•00- *5 
. 0 2 L - 6 6 

0.01689 
.00259 
. 1002 1 
. 00 300 
.00735 
.02934 

0.01187 

.00133 

.11147 

.03109 

.00*23 

.01940 

0*00605 
•00033 
. 1O0>6 

. 0 0 1 19 

•ooii* 

• 00629 

0*00278 
-00006 
. 10027 
. o93 /0 
*00022 
•00295 

0*00013 

•OOOOO 

.09993 
. 09987 

•ooooo 

-00005 

0« 00002 
•ooooo 

•U9999 
. 09999 

•ooooo 

•ooooo 





R = l.OOt PERCENT FUEL * 11 

.19. 0/ 

F = 7.93 

7 






Pressure, lb/sq in. aba 

300.00 

3437 

250.00 

3384 

214.29 

3341 

187.50 

330* 

174*06 

3284 

7 5.00 
3065 

30*00 

2o47 

15.00 
26 9 2 

14.70 
068 7 

7.30 
0 3*2 

3.00 

0349 

1.50 

20 03 

0-30 

1839 

0-15 

1668 


H 

0 

h 2 

h 2 o 

0 2 

OH 

C. 03987 
.01816 
. 12585 
.67806 
•03906 
.09900 

0.03809 
.01719 
• 12283 
.68805 
.0385 1 
•09532 

0.036b 1 
. 01639 
. 12025 

.69646 

.03802 

.09224 

0.03534 
.01571 
•11800 
.70377 
.03 750 
.08959 

0-03464 
.01334 
.11674 
. 70783 
.03733 
•08813 

0*02 70 7 
.01143 
. 10213 
, 7532b 
.03*12 
.07197 

0.01963 

•00782 

.00662 

.0014(1 

•02993 

•05331 

0-01 63 

• 00 3b 
.07 83 
.03 6 7 
.02 30 

. 0 * -oi 

0.0143 1 
.00549 
.07044 
. o 3 7 b 9 
.02618 
.04369 

0*01030 

.00369 

.03991 

,07031 

.02030 

.033*0 

0«005b9 
•00186 
.04300 
.911*4 
. 0 16b 7 
•02 132 

0*00313 

•000*5 

•03088 

.93900 
• 0 1232 
*01370 

0*00032 
*00007 
. 00872 
. 90*46 
.00373 

• 002 /o 

0*00006 

•OOOOI 

.00336 

.993921 

•OOiPT 

•00087 




R = 1.50. PERCENT FUEL = 7.749. U/ 

F * 1.905 






Pressure, lb/sq in. abB 

300.00 

3297 

250*00 

3243 

214.29 

3198 

107.50 

3159 

173*72 

3137 

75.00 

29Q4 

3 0-00 
2661 

15-00 
0 *7 0 

1 4 . 7 0 
2470 

7.50 

2291 

3. CO 
0030 

1.5Q 

1830 

0*30 

1379 

0. 13 
1007 


H 

0 

h 2 

h 2 o 

o 2 

OH 

0.0 15B2 
.02502 
. 03926 
.64080 
.16901 
. 10929 

0.01466 
.02428 
.03716 
.64897 
. 17040 
. 10454 

0*01370 
•02300 
•03540 
.65500 
.17157 
. 10054 

0*01289 

♦ 02192 
.03388 

• 6ol 66 
.17257 
•097Q8 

0.01243 

.02131 

.03302 

,664y> 

.17313 

.09512 

0.00794 

.01496 

.02388 

.70013 

,17919 

.07387 

0*00416 

•00911 

•01*92 

.73437 

.18333 

•05190 

0*00 716 
• 00 >8* 
.00 72* 
. 7 5 >0 i 

• IE 759 

• 0-> >66 

0.00211 
•00544 
.00909 
.73741 
. 109 71 
.03623 

0.000*0 
•00287 
•00*88 
. 77* 72 
, 19333 
.02331 

0*00017 
•00083 
•GQl*5 
. 79041 
.19700 
. 0 iOOb 

0*00003 
*00022 
-000*0 
. 79b*0 
. 198 7b 
•00415 

0-00000 
•OOOOO 
-OOOOO 
. 79986 

-oooiv 

0-00000 

•ooooo 

•ooooo 

. 79998 
• 19999 
•00003 





R = 2.00. PERCENT FUEL = 5.927. 0/ 

F * 5.B* 

73 





Pressure, lb/sq in. abs 
Temperature , °K 

300*00 

3103 

250.00 

3046 

214.29 

2998 

187.50 

2957 

173-03 

2932 

75.00 

2679 

30*00 

2402 

15.00 
2 188 

14. 70 
2101 

7.50 

1970 

3.00 

168b 

1.50 

1*03 

0-30 
iO 76 

0*15 

929 

H 

0 

h 2 

h 2 o 

0 2 

OH 

0*00576 
*01907 
. J 1498 
.57933 
.29800 
.08282 

0*00513 
.01741 
.01375 
.58564 
. 3004 j 

.07765 

0*00*61 

.01605 

.01273 

.59085 

.30244 

.07333 

0*00419 
.01491 
•01187 
.59527 
.304 14 
.06963 

0*00395 
.01*24 
.01136 
, 59700 
.30510 
•06742 

0*00188 

•00813 

.00664 

.62279 

,31491 

*04664 

0-000&0 
.00346 
.00289 
.6441* 
. 30334 
.02336 

0-0C 318 

• OC i*o 

• OC 120 
.65 30* 
.3*321 

• 0 1 3 7 7 

0*00017 

.00136 

.00116 

,63550 

.30030 

.01348 

0-0000* 
-000*2 
•00037 
■ b6 1 9 1 
.33113 
•0061* 

0*00000 
.00005 
.00004 
. 66562 

.33003 

•00 1*5 

0-00000 
•ooooi 
•ooooi 
• 666*2 
.33301 
•00036 

0-00000 

•OOOOO 

• ooooo! 

. bbb bb 

• 33333 
•OOOOO 

0-00000 

-ooooo 

•ooooo 

•66667 

.33333 

•ooooo 



R = 3*00. PERCENT FutL = 4 

.031. 0 

F = 3.B 

10 





Pressure, lb/sq in. abs 

Temperature, °K 

300*00 

2723 

250.00 

2650 

214.29 

2604 

187,50 

2556 

170*82 

2523 

75.00 

2232 

30-00 

191* 

17.00 
1 684 

14.70 

1676 

7.50 

1472 

3.00 

1220 

1.50 

1053 

0*30 

735 

0-15 

623 

H 

0 

»2 

h 2 o 

0 2 

OH 

0.00067 

.00605 

•00244 

.47287 

.48280 

.03516 

0*00053 
• 00505 
.00205 
•47630 
•48501 
.03107 

0*00042 

.00428 

.00175 

.47900 

.48675 

.02779 

0*00035 
•00368 
•00151 
•48120 
• 4 68 16 

.02510 

0*00030 

.00330 

*00136 

.48265 

.40909 

.02330 

0-00006 
-00102 
•00043 
.49253 
.4953 7 
.01058 

0-00001 

-00016 

•00007 

•*9790 

•*9b73 

.00312 

0«0( 000 

• 0< 003 

• 0(001 
•*‘ 940 

• 4‘ 964 

• 0< 0*3 

0.00000 

•00002 

•ooooi 

.*9942 
. 4 99b 3 
.00089 

0.00000 
• 00000 
•ooooo 
. 499 b 7 
.49992 
•00021 

0-00000 

•ooooo 

•ooooo 

.*9999 

.49999 

•00002 

0-00000 

*00000 

•OOOOO 

*50000 

*50000 

•ooooo 

0-00000 

-OOOOO 

-OOOOO 

.30000 

-50000 

-OOOOO 

0-00000 

•ooooo 

-ooooo 

• 50000 
•50000 

-ooooo 




R = 4.00. PERCENT FUEL * 3 

.054 0 

/F - 1.7 

46 







Pressure, lb/sq In. abs 
Temperature, °K 

300.00 

2372 

250-00 

2303 

214.29 

<.244 

187.50 

2194 

168*42 

2153 

75.00 

io59 

30-00 

15a5 

1* .00 
349 

14.70 

1340 

7.50 
1 103 

3.00 

93 0 

1.50 

0 13 

1 0*30 

330 

0.15 

403 

H 

0 

H 2 

h 2 o 

0 2 

OH 

0*00006 
.00126 
• OC 035 
.39225 
.59436 
.01171 

0*00004 

.00094 

.00026 

.39372 

.39547 

.00958 

0*00003 

.00071 

.00020 

.39480 

.59627 

.00799 

0*00002 

.00056 

*00016 

.39562 

.59687 

.00677 

0*00001 
•OOtiS 
.00013 
*39621 
• 597 jc 
*0058$ 

0*00000 

.00007 

*00002 

.39093 

.39926 

.00172 

0-00000 

-00000 

•00000 

.39983 

.59909 

*00028 

0-0 000 
-0 000 
• 0 000 
.3 997 
.3 990 
• 0 '0C5 

0.00000 

.00000 

.00000 

.39997 

.39990 

•00005 

0-00000 

•ooooo 

-ooooo 

.40000 

•00000 

.00001 

0-00000 

•ooooo 

•ooooo 

.*0000 

.60000 

•ooooo 

o*ooooc 

•OOOOC 

•ooooc 

•4000C 
• 6Q00C 
•OOOOC 

[ 0-00000 
1 -ooooo 
1 -ooooc 

) .4000C 

) .6000C 

) -ooooc 

i 0-00000 

1 -ooooo 
i -ooooo 

i .40000 
1 .60000 
l -ooooo 


R = 5.00. PERCENT Full = . 

.4 50 U 

t F = 9.6 

03 





Pressure, lb/sq in. abe 
Temperature, °K 

300. OC 
206< 

250. OC 
2 OOC 

214.29 

194- 1 

18 7.50 
1893 

166.8 

185 

73.00 
13 78 

30-0C 

13Q- 

1 ‘.00 
120 

14. 7C 
lii.1 

\ 7.50 

r 961 

3.0C 

7/7 

i 1.5C 

b3t 

) 0-3C 

) 4 3 1 

) 0*15 

> 365 

0 

H 2 

h 2 o 

0 2 

OH 

0.0002' 
• OOOOi 
.3313 
.6651 
.0^33 

0*0001 
.0000' 
• 33 16. 

.6633 

.0025 

0.00009 

•00007 

• 330 ic 

• 065 7b 
•00195 

n.rnoofi 

•COOOl 
• 33<4c 
• 065 9 

•00155 

O.CC00! 

*0000 

• 3303< 

• 666 1 
.0012 

0.00 OOC 

.pooc: 

.3331* 

•obcbt 

*00025 

O-POOOC 

•ooooc 

. 3 3 3 3< 
. b 66 6t 
•OCOCI 

0*0 )0OG 

• 0 >ooc 

.3 >33 3 
.0 iCb 

• 0 !0CC 

> o.coooc 
i .oooor 

i 

.Obtb j 

! -000CC 

J 0.00000 
3 -OOOOO 

> .33333 
7 .obto? 

> -ooooc 

I o-ooooc 
I -ooooc 

1 .33333 

■ bbbb 7 
1 .ooooc 

! o.ooooc 

I -OOOOC 
1 . 3333; 

.6666 
) -0000( 

) o.ooooc 
) * ooooc 

) .3333; 

f • bbbbi 

j -ooooc 

) 0-00000 
) -ooooo 

> .33333 

f «6o6b7 
) *00000 
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TABLE IV. - Continued. EQUILIBRIUM COMPOSITION OF PRODUCTS OF REACTION AT ASSIGNED PRESSURES FOR 

LIQUID HYDROGEN AND LIQUID OXYGEN 

[Isentroplc expansion from chamber conditions; compositions are given in mole fractions. 
Equivalence ratio, R; oxidant-fuel ratio, O/F . J 

(d) Combustion-chamber pressure, 600 pounds per square inch absolute 






ft = 

0.15, PERCENT FUEL = 45.65, O/F = 1.190 





Pressure, lb/sq In. aba 

son. 00 

500.00 

428.57 

375.00 

321.66 

150*00 

60-00 

30-00 

15.00 

14.70 

6.00 

3*00 

o 

O' 

o 

0*30 

Temperature, °K 

1183 

1129 

1065 

1049 

1006 

824 

643 

532 

439 

437 

340 

280 

175 

142 

Hp 

0.85000 

0.85000 

0-85000 

0-85000 

0*85000 

0*85000 

0 ♦ 65000 

0*85000 

0.65000 

0*85000 

0*85000 

0*85000 

0-85Q00 

0-85000 

H 2 Q 

.15000 

.15000 

.15000 

• 15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

.15000 

•15000 

. 15000 

*15000 





R * 

0.20, PERCENT fuel * 38.65, O/F * 1.587 





Pressure, lb/sq in. abs 

600.00 

500.00 

428.57 



375-00 

324.94 

150-00 

60*00 

30*00 

15.00 

14.70 

6.00 

3.00 

0*60 

0*3o 

Temperature, °K 

1514 

1450 

1398 

1354 

1307 

1079 

852 

709 

588 

586 

438 

379 

242 

lye 

h 2 

0.80000 

0 .80000 

0*60000 

0.80000 

0.00000 

0*80000 

0*80000 

0*80000 

0.00000 

0*80000 

0*80000 

0.00000 

0*80000 

0*80000 

H20 

.20000 

.20000 

•20000 

.20000 

.20000 

*20000 

•20000 

•20000 

•20000 

*20000 

*20000 

•20000 

*20000 

• 20000 





ft * 

0.25, PERCENT FULL = 33.61, O/F - 1.984 





Pressure, lb/sq in. abs 

600.00 

500.00 

428.57 

375.00 

327.8 1 

150.00 

60. OQ 

30.00 

15*00 

14.70 

6.00 

3.00 

0*60 

0*30 

Temperature, °K 

1817 

1 74 5 

1686 

1636 

1 587 

1322 

1057 

8«7 

74 1 

7 37 

58 1 

482 

310 

256 

H 

0.00006 

0.00003 

0*00002 

n. 00001 

0*00001 

0*00000 

0*00000 

0-00000 

0.00000 

0*00000 

0*00000 

0-00000 

0*00000 

o. OOOOO 

h 2 

.74995 

• 74997 

.74996 

. 74999 

.74999 

* 75000 

•75000 

• 75000 

.75000 

*76000 

* 76000 

.75000 

.75000 

. 75000 

h 2 o 

.24999 

.25000 

*25000 

•25000 

•25000 

•25000 

.25000 

*25000 

•25000 

•25000 

•25000 

•25000 

.25000 

• 25000 





ft = 

0.30, PERCENT Fuel = 29.57, O/F = 2.381 




Pressure, lb/gq in. abs 

60C.00 

500.00 

428.57 

375.00 

330.21 

150*00 

o 

O 

o 

■o 

30.00 

o 

o 

tn 

14.70 

6.00 

3*00 

0-60 

0 * 3 0 

Temperature , U K 

2094 

2016 

1952 

1898 

1847 

1553 

1257 

1064 

895 

891 

707 

590 

38 3 

317 

H 

0.00039 

0-00026 

0*00018 

0.00013 

0.00009 

0-00001 

0-00000 

0-00000 

0.00000 

0*00000 

0*00000 

0.00000 

0-00000 

0-00000 

H2 

.69967 

.69978 

.69985 

.69989 

.69992 

.69999 

. 70000 

•70000 

.70000 

•70000 

•70000 

•70000 

•70000 

• 70000 

HpO 

.29992 

. 29995 

.29996 

.29998 

.29998 

.30000 

•30000 

*30000 

.30000 

.30000 

.30000 

*30000 

•30000 

*30000 

On 

* 00002 

•00001 

•00001 

*00000 

•00000 

*00000 

•00000 

•ooooo 

.00000 

•OOOOO 

•ooooo 

-OOOOO 

•OOOOO 

•ooooo 





R = 

0.35. 

ERCENT FUEL = 26 • 47 f O/F * 2.778 

Pressure, lb/sq in. abs 

600.00 

500*00 

428.57 

375.00 

332.36 

150*00 

60. 00 

30.00 

15.00 

14.70 

6.00 

3*00 

0*60 

0*30 

Temperature, °K 

2347 

2266 

2198 

2140 

2089 

1771 

1451 

1238 

1060 

1046 

838 

702 

460 

382 

H 

0.00154 

0* 0011 l 

0.00083 

0*00063 

0.00049 

0-00007 

0-00000 

0*00000 

0.00000 

0*00000 

0*00000 

0-00000 

0-00000 

0*00000 

H2 

.64875 

.64910 

.64933 

.64949 

.64960 

.64994 

.65000 

.65000 

.65000 

.65000 

.65000 

•65000 

•65000 

•65000 

H2O 

.34956 

.34969 

.34976 

.34984 

.34988 

.34998 

.35000 

.35000 

.35000 

.35000 

.35000 

• 35000 

.35000 

.35000 

OH 

. 00015 

. 00009 

» 00CO6 

•00004 

•00003 

•00000 

•00000 

•ooooo 

.00000 

•OOOOO 

•ooooo 

•OOOOO 

•OOOOO 

•OOOOO 





ft * 

o.4o, percent fuel * 23.95 , o/f « 3.175 





Pressure, lb/sq in. abs 

600*00 

500. OC 

428.57 

375.00 

334.53 

150-00 

60*00 

30.00 

15.00 

14.70 

6.00 

3-00 

0*60 

0*3fl 

Temperature, °K 

2574 

2^92 

2422 

2 363 

2 315 

1970 

1637 

1408 

1204 

1199 

970 

8 18 

342 

43 2 

H 

0.00416 

0.00320 

0. 00252 

0*00203 

0*00167 

0*00034 

0*00003 

0-00000 

0.00000 

0*00000 

0*00000 

0-00000 

0*00000 

0*00000 

H2 

.59661 

. 59753 

[ .59605 

i .59842 

.59870 

.59973 

.59998 

•60000 

.60000 

.60000 

.60000 

•60000 

•60000 

•60000 

H2O 

.39839 

. 39862 

.59910 

' .59930 

.39944 

.39991 

.39999 

.40000 

.40000 

.40000 

.40000 

•40000 

.40000 

.40000 

OH 

* Of 064 

• 00045 

*00033 

| * OCC 24 

•00019 

•0000? 

•OOCOO 

-ooooo 

■OOOOO 

•ooooo 

•ooooo 

•OOOOO 

•ooooo 

•ooooo 





R = 

0.45. PERCENT FUEL * 21 

.87. O/F = 3.571 


Pressure, lb/sq in. abs 

600*00 

500*00 

428.57 

375.00 

336.72 

150*00 

60 • 00 

30*00 

15.00 

14.70 

6.00 

3*00 

0*60 

0*3o 

Temperature, °K 

2773 

2692 

2624 

2565 

2517 

2 174 

1817 

1575 

1357 

1360 

1104 

937 

629 

326 

H 

0*00856 

0*00695 

0*00575 

0*00483 

0*00417 

0*00112 

0*00015 

0*00002 

0.00000 

0*00000 

0-00000 

0*00000 

0-00000 

0-00000 

0 

. 00002 

• 00001 

•00001 

•00001 

*00000 

•00000 

*00000 

•OOOOO 

•OOOOO 

•OOOOO 

•ooooo 

•OOOOO 

•ooooo 

•OOOOO 

H2 

.54383 

. 54496 

.54561 

.54646 

.54694 

.54916 

.54989 

.54998 

. 65000 

.55000 

.55000 

.55000 

♦33000 

.55000 

H2O 

.44560 

.44659 

.44728 

.44779 

.44814 

.44959 

■ 44996 

,44999 

.46000 

.45000 

.45000 

.45000 

.45000 

.43000 

02 

* OOOOl 

* OOCOO 

• 00000 

•00000 

•00000 

•00000 

-ooooo 

•ooooo 

•00000 

*00000 

•ooooo 

•OOOOO 

•OOOOO 

•OOOOO 

OH 

.00198 

•00149 

.00115 

*00091 

•00074 

•00013 

•00001 

•OOOOO 

•OOOOO 

-OOOOO 

•ooooo 

-OOOOO 

•ooooo 

•ooooo 





ft = 

0.50, PERCENT FULL = 20.12. 0/ 

F = 3.968 

Pressure, lb/sq in. abs 

600. CO ' 

500.00 

428.67 

375.00 

338.83 

150-00 

60-00 

30*00 

15-00 

14.70 

6.00 

3*00 

0*60 

0*30 

Temperature, °K 

2944 : 

286 6 

2800 

2742 

2699 

2356 

1990 

.737 

150 7 

1501 

1238 

1059 

720 

606 

H 

0.01447 

0.01278 

0. 01057 

n .009 21 

0.00825 

0*00282 

0*00053 

0*00010 

C. OOOOl 

0*00001 

0*00000 

0-00000 

0*00000 

0-00000 

0 

*00009 

, *50006 

•00004 

• 00003 

■ ooon 2 

*00000 

•00000 

•OOOOO 

. ooooo 

•OOOOO 

-ooooo 

« OOOOO 

•ooooo 

•OOOOO 

H2 

.49042 

.49180 

.49<:eo 

*4y 37o 

.49438 

.49801 

.49962 

• 4 °99 2 

,49999 

.49999 

.60000 

•50000 

.30000 

. 50000 

H2O 

.49024 

■ 4 9 2 G 7 

.*'*9342 

• 494 4o 

• 49 3 lb 

.4966b 

.49980 

.45997 

•50000 

*50000 

•50000 

•50000 

*50000 

•50000 

| O 2 

• 00C0 3 

.00002 

*00002 

•00C01 

•COCCI 

-ooooo 

•OOOOO 

■OOOOO 

.00000 

•OOOOO 

•ooooo 

-OOOOO 

•OOOOO 

•OOOOO 

■OH 

• ■"'04 75 

•00377 

.0030"' 

•00253 

•OC210 

*00050 

*00005 

•OOOOl 

.00000 

•OOOOO 

•ooooo 

•OOOOO 

•ooooo 

• OOOOO 





R = 

0,60. PERCENT FUEL = 17 

*35, O/F = 4.762 





. i 

Pressure, lb/sq in. abs ; 

6 CO. 00 

500.00 

478.67 

375.00 

342.61 

150-00 

60*00 

30.00 

15.00 

14.70 

6*00 

3*00 

0.60 

0* 3q 

Temperature, °K 

3 208 

313 7 

3077 

3025 

299 0 

2669 

2313 

2050 

1603 

1796 

1506 

1306 

916 

77e 

H 

0 . 02778 

002606 

0.02282 

0.02C94 

0.01970 

0*00988 

0-00321 

0*00100 

0.00023 

0.00022 

0*00002 

0-00000 

0*00000 

0*00000 

0 

.00069 

. 0 0 5 4 

•00043 

» 00035 

*00030 

*00006 

•OOOOO 

•ooooo 

•ooooo 

•OOOOO 

•ooooo 

•OOOOO 

*00000 

-OOOOO 


* 3 b fc 3 1 

. 3o75 1 

. j 6 0 i 9 

• icVitj 

.38960 

.39432 

. 39800 

. 3 9 93 6 

, 39983 

.39963 

.39999 

.40000 

.40000 

.40000 

j[ 2 0 

.56031 

0 72 60 

.6 d 6 0 

.57840 

• 5 8 0 1 d 

.59191 

.59796 

.59948 

. 59990 

.59991 

.59999 

.60000 

.60000 

.60000 

02 

. 0CP41 

• 00" 3? 

•04026 


•000 1 9 

•00004 

•OOOOO 

•00000 

•OOOOO 

• ooooo 

•ooooo 

•OOOOO 

•ooooo 

•ooooo 

OH 

. 01629 

.01406 

•01230 

•01080 

.00998 

.00379 

*00031 

•00017 

•00002 

•00002 

•OOOOO 

•ooooo 

•ooooo 

•ooooo 





R = 

0.70, PERCENT FUEL = 15 

.25, O/F = 5.556 





[Pressure, lb/sq in. abs 

600.00 

500.00 

426. 5"’ 

I 375 • CO* 1 

345,24 

150*00 

60*00 

30*00 

15.00 

14.70 

6.00 

3 • 00 I 0.60 

0*30 

Temperature , °K 

3 36 i 

5 317 

[ J 2 6 3 

| J 2 1 / 

3 188 

2 9q 3 

2 364 

2 33 7 

2C86 

2Q« 1 

1/75 

1556 

i 12 6 

960 

H 

' . "5771 

C. 0'' 624 

• .0-316 

■f. 03 136 

0.03028 

0*01959 

0*00964 

0*0044 5 

C. 00156 

0*00151 

0-00025 

0*00004 

0*00000 

b-OOOOn 

0 

. 9 9 ? 6 ? 

.00279 

•00199 

.03176 

.00161 

.00050 

•00011 

• 00002 

. ooooo 

OOOOO 

•OOOOC 

•ooooo 

•ooooo 

•OOOOO 

H 2 

• 2 9 3 c i 

. 2 ‘.<i3C 


.29316 

.29309 

, 2 9 3d6 

. 29363 

.297/9 

• 2>9 i 4 

.29917 

.29963 

• 2999 1 

.30000 

. 30000 

.62 7 b 0 

* 6 5 4 5 6 

• C 5 V 3 ? 

. t 4 4 4 9 

.64727 

.67154 

• 6 090b 

.6 95'?“, 

* C 9 606 

.6 9890 

*69906 

.69996 

.70000 

. 7000U 

H2O 

On 

. 0 ' ' 2 2 fJ 

.00199 

- c :: i 7 ■* 

.00155 

• 0 O' 1 4 3 

.00054 

•00011 

•00002 

. OOCOO 

•OOCOO 

•OOOOO 

•OOOOO 

-ooooo 

•OOOOO 

0§ 

. r. i69"i 

• 0 1 ✓ 6 3 

.07946 

.02784 

.02632 

■ 0 14 2 0 

•00326 

.00130 

.00044 

•00C42 

•00004 

•OOOOO 

-OOOOC 

•OOOOO 
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TABLE IV. - Concluded. EQUILIBRIUM COMPOSITION OF PRODUCTS 0: ' REACTION AT ASSIGNED PRESSURES FOR 

LIQUID HYDROGEN AND LIQUID OXYGEN 

[Isentropic expansion from chamber conditions; composit ons are given in mole fractions. 
Equivalence ratio, R; oxidant-fuel ratio, 0/F. ] 

(d) Concluded. Combustion-chamber pressure, 600 pou ids per square Inch absolute 


R = 0.80. PERCENT FUEL = 13.60- O/F * 6.349 



— 

600*00 

500*00 

428.57 

375*00 

346.81 

150*00 

60*00 

3 .00 

15.00 

14.70 

6.00 

3.00 

0 • 60 

0*30 

Temperature, °K 

3481 

3422 

3373 

3331 

3306 

3052 

2 779 

566 

2346 

Z34Q 

Z04<: 

1015 

1347 

1173 

H 

0.04117 

0.03913 

0.03742 

0.03595 

0.03510 

0*02609 

0*01678 

0.0*045 

0.00536 

0.00526 

0*00149 

0.00040 

0*00001 

0*00000 

o 

.00646 

.00584 

.00534 

*00492 

•0046B 

.00250 

•00094 

*00032 

•00007 

*00006 

*00000 

*00000 

•00000 

•OOOOO 

h 2 

H2O 

02 

OH 

• 2 1 839 

.21659 

.21509 

• 2 1 3a 1 

.21306 

.20598 

.2005 r 

.1 >06 9 

,19055 

.19856 

,1993o 

.19981 

•20000 

*20000 

.66670 

.67542 

.60269 

.60690 

.69250 

• 72890 

.76212 

• 7 B Q 5 7 

.79211 

.79235 

.79045 

.79966 

.80000 

* 80000 

.00786 

.00727 

•00673 

.00635 

.00610 

.00359 

•00147 

• 0'052 

.00011 

•00011 

•00001 

•OOOOO 

•OOOOO 

•OOOOO 

.05941 

.05575 

.05269 

.05006 

.04054 

•03294 

•01013 

• 0 945 

.00378 

•00366 

.00066 

•oool 1 

•OOOOO 

•OOOOO 






R = 

0.90* PERCENT FUcL = 12.28 U/F = 7.143 





Pressure, lb/sq In. abs 

600.00 

500.00 

428.57 

375.00 

347.52 

150.00 

60-00 

3 .00 

15.00 

14.70 

6.00 

3.00 

0« 60 

0*3o 

Temperature, °K 

3526 

3469 

3422 

3382 

3360 

3122 

2081 

705 

2528 

2523 

2279 

2072 

1505 

1397 

H 

0.03919 

0*03743 

0.03596 

0.03469 

0.03398 

0*02643 

0*01090 

0-0 ' 378 

0.00923 

0*00910 

0*00431 

0 * 00 1 82 

0*00007 

0*00001 

0 

.01130 

.01053 

•009B9 

.00935 

.00905 

•00604 

*00342 

• 0 0 1 9 3 

.00068 

•00086 

*00017 

•00002 

*00000 

•OOOOO 

H 2 

. 16146 

.15871 

. 15636 

. 15433 

.15316 

. 14025 

.12644 

.1-674 

. 10652 

•10831 

♦10171 

•10003 

.09997 

. louoo 

HpO 

.60792 

.69763 

•?05U0 

.71286 

. 71606 

. 76023 

.00490 

.8 571 

,86232 

.86302 

♦00712 

.89611 

♦09993 

. 09 999 

Si 

.01917 

.01845 

.01782 

.01727 

.01695 

.01322 

.00890 

• 0->570 

.00292 

.00285 

.00064 

•00009 

.00000 

•00000 

.00096 

.07727 

.07417 

.07150 

.06999 

.05383 

.03743 

•0*614 

,01614 

.01587 

.00605 

*00190 

. 00003 

•OOOOO 





R = 

1.00* 

ERCENT FUEL = 11.19= O/F * 7.937 

Pressure, lb/sq In. abs 
Temperature , °K 

600.00 

500.00 

428.57 

375.00 

347.72 

150.00 

60*00 

3 0.00 

15.00 

14.70 

6.00 

3.00 

0*60 

0*30 

3534 

3478 

3431 

3392 

3370 

3137 

2903 

<730 

2578 

2573 

2371 

22 14 

10^b 

1640 

H 

0.03443 

0.03261 

0.03146 

0.03030 

0.02966 

0*02281 

0*01615 

0.0 177 

0.00802 

0*00792 

0*00417 

0*00216 

0-00018 

0*00003 


• 31593 

.01504 

.01430 

.01366 

.01334 

.00970 

.00653 

.0 ,452 

.00291 

•00206 

.00130 

•00066 

*00004 

*00001 

Xfo 

08 

•12040 

.11731 

. 11467 

• 11237 

.1110? 

.09622 

.07953 

.0 669 

,05387 

.05349 

.03741 

•02591 

•00641 

.00244 

.69574 

, 70566 

.71402 

.72126 

.72534 

.77027 

.81775 

.8 216 

,88474 

•08567 

.92390 

.94942 

.90860 

.99507 

.03662 

.03605 

.03555 

.03510 

.03464 

.03159 

.02737 

.0 375 

.01983 

.01971 

.01437 

•01027 

.00274 

•0010B 

.09609 

.09314 

.08999 

.08729 

.00577 

•06934 

•05267 

.0 Hi 

,03063 

• Q3 Q34 

•01877 

•01159 

.00195 

•0005B 





R » 

1.50* PERCENT FUEL = 7. 

749 O/F = 1.905 






600.00 

500*00 

428.57 

375.00 

346.93 

150*00 

60.00 

3 -.00 

15.00 

14*70 

6.00 

3.00 

0.60 

0*30 

Temperature, °K 

3374 

3315 

3267 

3226 

3202 

2953 

2692 

496 

2297 

2291 

C026 

1010 

1366 

119^ 

H 

0.01276 

0.01175 

0*01093 

0.01023 

0*00984 

0*00606 

0*00299 

0.0-146 

0.00056 

0*00055 

0*00009 

0*00001 

0*00000 

0*00000 

0 

.02263 

*02121 

•02002 

•01902 

.01844 

•01265 

•00739 

*0 143 0 

.00211 

•00206 

•00056 

•00014 

♦00000 

•OOOOO 

H2 

•03406 

.03285 

.0311 7 

.02972 

.02889 

.02032 

•01216 

.0-720 

.00359 

•00351 

•00098 

•00025 

•OOOOO 

•OOOOO 

H 2 0 

.65376 

.66167 

.66829 

.67395 

.67722 

.71084 

.74322 

.7 .350 

,77939 

.77979 

.79254 

.79729 

, 79990 

. 79998 

0 2 

.16970 

.17119 

.17230 

.17340 

.17399 

.10014 

.18637 

. 1 056 

,19410 

.19427 

• 197b0 

.19904 

.19996 

. 19999 

OH 

.10621 

. 10133 

.09722 

.09368 

.09163 

.06998 

.04787 

.0 28 7 

.02016 

.01903 

.00023 

•00326 

*00014 

*00002 





R = 

2.00* PERCENT FUEL = 5. 

927 O/F = 5.873 





Pressure, lb/sq In. abs 
Temperature, °K 

600*00 

500*00 | 

428.57 

375.00 

345.45 

150*00 

60*00 

3 -.00 

15*00 

14.70 

6.00 

3*00 

0*60 

O*3o 

3150 

3097 

3046 

3002 

2975 

2706 

2413 

, 189 

1965 

1959 

1678 

1475 

1070 

923 

H 

0.00439 

— 

0.003B7 

0.00345 

0-00311 

0.00291 

0*00132 

0*00039 

O.O'Oll 

0.00002 

0*00002 

0*00000 

0-00000 

0*00000 

0*00000 

0 

•01610 

.01461 

.01339 

.01230 

.01178 

•00648 

.00260 

• 0 101 

.00029 

•00026 

*00003 

• OOOOO 

•00000 

•OOOOO 

xio 

Si 

.01269 

.01157 

.01065 

• 009CB 

.00942 

.00529 

•00218 

.0 066 

.00025 

•00024 

•00003 

•OOOOO 

•OOOOO 

•OOOOO 

.58773 

*59371 

.59864 

.60281 

.60532 

.62043 

.64767 

.6 720 

.66285 

.66296 

.66584 

.66647 

.66666 

.66667 

.30070 

.30305 

.30500 

.30665 

.30765 

.31693 

.32491 

.3 905 

.33154 

,33159 

.33293 

.33324 

.33333 

. 33353 

.07038 

.07319 

.06887 

.06517 

.06293 

.04155 

•02225 

.0 169 

*00506 

*00491 

•00 1 16 

•00028 

•OOOOO 

•OOOOO 





R * 

3.00* PERCENT FUEL * 4. 

031 O/F * 3.810 





Preasure, lb/sq In. abs 
Temperature , °K 

600.00 

500.00 

42B.5' f 

375.00 

340.99 

150*00 

60*00 

3 .00 

15.00 

14.70 

6.00 

3*00 

0«60 

0*30 

2747 

2679 

2622 

2573 

2 53 B 

2237 

1913 

662 

1470 

1464 

1220 

1053 

733 

622 

H 

0.00046 

0*00036 

0*00028 

0.00023 

0*00020 

0*00004 

0*00000 

0*0-000 

0.00000 

0*00000 

0*00000 

0-00000 

0*00000 

0*00000 

0 

.00474 

. 00392 

.00330 

.00282 

.00251 

•00075 

*00012 

• 0 002 

•00000 

•00000 

•00000 

•OOOOO 

•OOOOO 

•OOOOO 

H2 

H2O 

02 

OH 

• 00191 

.00159 

.00135 

•00116 

.00103 

•00032 

•00005 

• 0 001 

•00000 

•OOOOO 

•00000 

*00000 

•OOOOO 

•ooooo 

.47624 

.47934 

.40176 1 

.40375 

.48507 

.49370 

.49827 

.4 951 

,49909 

.49990 

.49999 

• 50000 

.50000 

.50000 

. *-8500 

.48699 

.48855 

.48901 

.49065 

.49611 

• 4 9b 95 

.4 970 

.49993 

.49994 

.49999 

.50000 

.50000 

.50000 

.03164 

.02780 

.02474 

.02224 

.02055 

.00909 

*00261 

*0 077 

.00017 

•00016 

•00001 

*00000 

*00000 



•ooooo 





R = 

4.00* PERCENT FUEL = 3. 

054 O/F = 1.746 





Pressure, lb/sq In. abs 
Temperature, °K 

600.00 

500*00 

428.57 

375.00 

336.49 

150-00 

60*00 

3 .00 

15.00 

14.70 

6.00 

3*00 

0*60 

0*3o 

2361 

2309 

2249 

2190 

2157 

I860 

1654 

340 

1164 

1159 

95<! 

013 

5 5 i 

463 

H 

0.00004 

0*00002 

0*0000’ 

0*00001 

0*00001 

0*00000 

0*00000 

0*0 000 

0.00000 

0*00000 

0*00000 

0-00000 

0*00000 

0*00000 

0 

♦ OOC94 

.00069 

*00052 

.00040 

.00033 

•00005 

•00000 

• 0 000 

•00000 

.00000 

*00000 

•OOOOO 

•00000 

*00000 

H2 

H2O 

02 

OH 

.00026 

•00019 

•00015 

•00011 

•00009 

•00001 

•00000 

• 0 000 

.00000 

*00000 

•00000 

•OOOOO 

•00000 

•OOOOO 

.39338 

.39465 

.39559 

.39629 

. 39680 

.39910 

.39986 

.3 998 

.40000 

.40000 

.40000 

•40000 

.40000 

.40000 

.59523 

.59618 

. 596d 6 

.39738 

.59774 

.59938 

.59991 

.5 990 

.60000 

.60000 

.60000 

•60000 

.60000 

*60000 

.01015 

*00826 

•00687 

•00580 

.00503 

*00145 

*00023 

• 0 004 

.00000 

•oooco 

■00000 

•OOOOO 

*00000 

•ooooo 





R * 

5.00* PERCENT FutL = 2. 

456 O/F = 9.683 





Preasure, lb/gq In. abs 
Temperature , U K 

600.00 

500.00 

428.57 

375.00 

333.54 

150*00 

60*00 

3 .00 

15.00 

14.70 

6.00 

3*00 

0*60 

0*3o 

2072 

2002 

1944 

1 B94 

165 2 

1578 

1303 

122 

961 

956 

777 

658 

430 

3b5 

0 

n. nr>014 

0.00009 

0*00006 

p* 00005 

0*00003 

0*00000 

o.oooco 

0*0-000 

0.00000 

0*00000 

0*00000 

0*00000 

0*00000 

0*00000 

«2 

.00003 

•00002 

•onooi 

*00001 

*00001 

•00000 

*00000 

*0 -000 

•00000 

*00000 

•00000 

•OOOOO 

•OOOOO 

•ooooo 


.33^05 

.33254 

.33255 

♦3327o 

.33321 

• 33332 

.3 333 

.33333 

• 35353 

. 35333 

.33333 

.33333 

.33333 

HpO 

of 

.66538 

.66571 

.66595 

.66600 

.66 t 20 

.66650 

.66666 

.6 667 

.66667 

•06667 

• 6666 7 

.66667 

. 66667 

.66667 

08 

* 00?B? 

.00212 

.00165 

.00131 

.00107 

•00021 

•00002 

.0 000 

.00000 

.00000 

•00000 

•OOOOO 

•OOOOO 

•ooooo 
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TABLE V 


- SUMMARY OF COMBUSTION PARAMETERS, CHARACTERISTIC VELOCITY, AND PERFORMANCE 
FOR EXPANSION TO SEA LEVEL FOR LIQUID HYDROGEN WITH LIQUID OXYGEN 


Equiv- 

alence 

ratio, 

2(o)/H 

Fuel, 

percent 

by 

weight 

Oxldant- 

fuel 

weight 

ratio, 

0/F 

Com- 
bus- 
tion 
tem- 
pera- 
ture, 
T , 
c 
°K 

Exit 

tem- 

pera- 

ture, 

T e* 

°K 

Charac- 
teristic 
veloc- 
ity, 
c* , 

f t/sec 

Charac- 
teristic- 
velocity 
exponent , 

n * 
c* 

Entropy, 

a, 

cal 

{g)(°K} 

Area 

ratio, 

t 

Coeffi- 

cient 

of 

thrust, 

C F 

Specif lc 
Impulse, 
I, 

{ lb) (sec) 

lb 

CHAMBER PRESSURE* 

60 POUNDS PER 

SQUARE INCH ABSULUTE. EQUILIBRIUM 

COMPOS 1 T I UN 

0. ISO 

43.65 

1.190 

1163 

619 

724 7 

0.0000 

9.3807 

1.244 

1.0 36 

233.7 

• 200 

36.63 

1.5b? 

1314 

1073 

760/ 

• 0000 

6.3172 

1.236 

1.035 

244.7 

.230 

33.3 i 

1 .9b4 

lolb 

1316 

76 14 

.0000 

7.6147 

1 .266 

1.033 

250-8 

.300 

29.37 

2 .36 1 

2069 

1 34b 

7930 

.0000 

7.2390 

1.2/8 

1.031 

254,1 

.350 

26.47 

2.7 7b 

2329 

1764 

7966 

.0001 

6.7611 

1.269 

1.029 

255.4 

• ‘♦00 

23.93 

3.173 

2331 

19/0 

6001 

.0009 

6.3590 

1.302 

1.027 

235*3 

• 430 

21. 67 

3.3/1 

2696 

2139 

7973 

.0023 

6.0167 

1.316 

1.025 

254.0 

• 300 

20. 12 

3.966 

2626 

2 32/ 

7912 

.0043 

3. 7222 

1.331 

1.024 

251.8 

.600 

1 7.33 

4.762 

3013 

2 366 

7/29 

.0060 

3.2413 

1.354 

1.023 

243.7 

.700 

13.13 

3.556 

3 126 

2 736 

75 06 

.0105 

4.6639 

1.369 

1 ■ C 2 2 

236.6 

.600 

13.60 

6.349 

3166 

2646 

7277 

.0119 

4.5644 

1.376 

1.022 

231.2 

.*00 

12.26 

7. 143 

3213 

2666 

70 34 

.0125 

4.3169 

1.379 

1.022 

224.1 

1.000 

11.19 

7.937 

3217 

269b 

6646 

.0126 

4.1101 

1.360 

1.022 

217.5 

1 • 600 

/ • 749 

11.903 

3 116 

2 7 7 / 

6061 

.0109 

3.4371 

1.3 7 7 

1.022 

192.6 

2.000 

3*92/ 

13.675 

2966 

2399 

3330 

.0067 

3 • 0633 

1 . 3b 8 

1 .022 

176.4 

3.000 

4.031 

23.610 

2033 

2209 

4666 

• 0040 

2.6610 

1 . 339 

1.023 

134. B 

A. 000 

3.034 

31.746 

2 54 7 

1631 


.0009 

2.4399 

1.311 

1.02b 

139.2 

3.000 

2.43b 

39*663 

2062 

1371 

39 72 

.0001 

2 .2963 

1.293 

1.029 

127.0 

CHAMBER PKtSSURE. 150 POUNDS PER 

suuakl inch absolute, equilibrium 

COMPOS I T IOiv 

0. 150 

43.63 

1.190 

1 163 

639 

724 7 

0.0000 

b . 96b* 

1.997 

1.261 

264.0 

• 200 

36.63 

1.567 

1314 

64 1 

7607 

.0000 

6. 1601 

2 .033 

1.261 

296 .2 

.250 

33.31 

1.964 

1616 

1052 

7 a 14 

• 0000 

7.3120 

2.0 73 

1.262 

306.6 

« 300 

29.3 7 

2.361 

2092 

1231 

/9 2 9 

.0000 

6.9716 

2.111 

1.264 

311.5 

.350 

26.47 

2.776 

2339 

1444 

7966 

.0000 

6. 3213 

2. 147 

1.263 

314.0 

. 400 

23.95 

3.173 

2353 

1651 

6006 

.0003 

6.1415 

2.162 

1.266 

315.0 

.450 

21.67 

3.571 

2 733 

1612 

7966 

.0016 

3.61/0 

2. 221 

1.267 

314.7 

.500 

20*12 

5 . 9bb 

260 ; 

1966 

/ 940 

.0033 

3.3371 

2 .264 

1.270 

313.3 

. 600 

17.33 

4.762 

509 7 

2300 

7 762 

.0066 

3.0767 

2 .332 

1.275 

308.4 

• 700 

13*23 

3.35b 

3231 

2344 

73 7 / 

.0093 

4. 7193 

2 .423 

1.260 

3 0 1 • 4 

• 600 

13.60 

6.349 

3304 

2699 

7333 

.OH 5 

4.4299 

2 . 4 7 2 

1 .262 

293.2 

.900 

1 2 .20 

7.143 

333b 

2 7/0 

7 1 34 

.012 1 

4.1919 

2.493 

1.264 

264.6 

1.000 

1 1.19 

7.937 

3 34 1 

2/6 3 

0923 

• 0122 

3.9926 

2.49b 

1.284 

276.4 

1.500 

7.749 

11.903 

3219 

2621 

6120 

.0103 

3.34 16 

2.474 

1.283 

244.0 

2.000 

5.927 

15.873 

3045 

2362 

3592 

.0079 

2.9807 

2.427 

1.280 

222.4 

3.000 

4.031 

23.010 

2693 

1907 

4662 

.0032 

2.5669 

2.301 

1.272 

193.0 

4.000 

3.054 

31.746 

2363 

1349 

4369 

.0007 

2.3706 

2.215 

1.267 

172.1 

3.000 

2.43b 

39.663 

2066 

1296 

3972 

.0000 

2.229b 

2.171 

1.266 

156.3 

CHAMULR PRtSSUREt 300 POUNDS REP 

SUUARt INCH ABSOLUTE. EQUILIBRIUM COMPOSITION j 

0. 130 

43.63 

1.190 

1 163 

329 

724 / 

0.0000 

0 .636 3 

3-020 

1.379 

310.6 

• 200 

36.63 

1 . 36 7 

1314 

703 

/bO 7 

• 0000 

7.9040 

3 • C 6 6 

1.302 

326.7 

.250 

3 3 • 3 1 

i .964 

16 1 / 

662 

76 13 

.0000 

7.2631 

3 .166 

1.366 

336. 5 

*300 

2 9.3/ 

2.361 

2093 

1039 

/ 9 2 9 

.0000 

6. 7b 96 

3.24b 

1.390 

342. 5 

.350 

26.4/ 

2.7 76 

2 344 

1232 

7 966 

• 0000 

b. 34Q4 

3 . 523 

1.393 

345.9 

.400 

23.93 

3.1 73 

2363 

1405 

600 6 

.0003 

3.97/2 

5.39 9 

1.397 

347.6 

.45 0 

21.6? 

3.3/1 

2 7 3 3 

1369 

/99b 

.0012 

3 . 6bb4 

3.474 

1.401 

348. 1 

.300 

20.12 

3.966 

2915 

1732 

7936 

.0023 

5.397b 

3.533 

1.403 

34 7.5 

.600 

17.33 

4.762 

3l>3 

20*7 

76 16 

.0036 

4.9564 

3.726 

1.416 

3 4 3 . 9 

• TOO 

15.25 

3.556 

3307 

2326 

7623 

.0007 

4.6094 

3.900 

1.426 

337.9 

• 600 

13.60 

6.349 

3393 

2344 

7411 

.0107 

4.3293 

4.0*2 

1.433 

330-1 

.900 

12.2b 

7.145 

3430 

2661 

7193 

.0117 

4.096 3 

4.121 

1.437 

321.2 

l.OUO 

11.19 

7.937 

343 / 

266 7 

09 D J 

.0116 

3.904b 

4.14Q 

1 ,436 

312.0 

1.300 

7. 749 

11.903 

329 / 

24 U 

6 163 

.009 7 

5 *2 701 

4.03b 

1.434 

2 74.6 

2.000 

3.92 7 

13.6 73 

5105 

2161 

362 1 

.0072 

2.91/. 

3.918 

1.426 

249.2 

3.000 

4.031 

23.610 

2/23 

16/6 

4692 

• 002 7 

2.3310 

3.634 

1.41Q 

2 14.4 

4.000 

3.064 

31.746 

23/2 

1 34 3 

43 71 

* 000 3 

2 .5 163 

3. 4 74 

1.400 

190-2 

3.000 

2.436 

39.663 

2064 

1117 

3972 

.0000 

2.1794 

3. 3bU 

1.396 

172.4 

CHAMBER PKlSSUKE. 600 KuuNUa Ptw 

SwuARt INCH AoiULOTc. lQuIlJckIUM COMPOSITION 

0.150 

43.63 

1.190 

1165 

43 / 

724 7 

0.0CQ0 

6* 3446 

4.662 

i.469 

330.9 

*200 

36*63 

1.367 

13 14 

363 

760/ 

• oooc 

7.6399 

4 .602 

1.474 

346.6 

.250 

33.31 

1.964 

161/ 

7 3 i 

■'oli 

.0000 

7.0341 

4.949 

1.461 

3 5 9.6 

.300 

29.37 

2*361 

2094 

691 

7 929 

.0000 

6.3675 

5.106 

1.486 

J66.6 

.350 

26.4 7 

2.776 

2347 

104p 

7960 

.0000 

6.1 394 

5.260 

1.4 94 

3 70.9 

• 400 

2 3.93 

3*1/3 

2 3/4 

1193 

° 0 1 0 

.000* 

3.6131 

3.409 

1.300 

3 7 3.4 

.430 

2 i . o 7 

3.3/1 

2 1/ 3 

15 30 

°00i 

.0006 

3 * 3 1 0 0 

3.354 

1.3Q6 

3 74.5 

• 300 

20.12 

3.960 

2444 

1301 

/96b 

.00^9 

3.2363 

3.701 

1.312 

3 74.3 

.600 

1 7.33 

4.762 

32Q6 

1 79o 

7644 

.0046 

4.63**/ 

0. Ol 3 

I • 5 ^ 7 

3 72 .3 

. 700 

15.23 

3.336 

330 1 

2061 

766 9 

.OC77 

4 .3002 

6.330 

1.342 

3 b 7 . 6 

• o 00 

15.60 

6.349 

340 1 

2540 

/ 403 

.0100 

4 . 2294 

6.689 

1.533 

360*6 

.500 

1 2 . 2 b 

7. 1*3 

J 320 

2 32 3 

/2 30 

• Gill 

4.0036 

6.94/ 

1.565 

332.5 

♦ .OOC 

ii.l» 

7.93/ 

53 39 

23/5 

?03v 

• OH* 

5. b 173 

/ . 022 

1.363 

342. V 

1.300 

7.749 

1 1.90- 

3374 

229 1 

6203 

.009 1 

5. 1990 

6 . 7 6 o 

1.537 

50C.2 

2.000 

3*92 7 

13.6/5 

3 J 2b 

1333 

3 646 

.0063 

2 . 6339 

6.416 

1.344 

2 71.1 

3.000 

4.C 3l 

23.610 

2/47 

i 4b4 

‘■‘.00 

.002 5 

2.4731 

5.862 

1.320 

2jl.4 

4 . Ouu 

3.054 

31.74b 

2 3o 1 

113 3 

‘*5/2 

.0004 

2.203V 

3 . 5/2 

1.305 

2 0 * • 7 

3.000 

2.4 VC 

3 > . 6 6 5 

2C U 


J4 7 c 

.0000 

2 . a 2 V J 

3*403- 

1.49 5 

i 6 3 . ; 



TABLE V. - Concluded. SUMMARY OF COMBUSTION PARAMETERS, CHARACTERISTIC VELOCITY, 
AND PERFORMANCE FOR EXPANSION TO SEA LEVEL FOR LIQUID HYDROGEN WITH LIQUID OXYGEN 


Equiv- 

alence 

ratio, 

R, 

2(0)/H 

Fuel, 

percent 

by 

weight 

Oxidant- 

fuel 

weight 

ratio, 

0/F 

Com- 

bus- 

tion 

tem- 

pera- 

ture, 

V 

°K 

Exit 

tem- 

pera- 

ture, 

V 

°K 

Charac- 

teristic 

veloc- 

ft/sec 

Entrc py, 
s, 
ca] 

(g)(‘K) 

Area 

ratio, 

e 

Coeffi- 

cient 

of 

thrust, 

C F 

Specific 

impulse, 

I, 

(lb) (sec ) 

lb 

CHAMBER HktSSUKfc* 

60 ROUNDS Ptk 

SUUAKt INCH At $. , 

FROZEN 

CUMRUSITJON 

0. 13Q 

43.05 

1.190 

1183 

819 

724/ 

9 . j 1 0 7 

1.244 

1.038 

233,7 

.200 

3B. 63 

1.36 7 

1314 

1073 

7607 

8.3172 

1.236 

i.03!> 

244.7 
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Specific impulse, I, ( lb) ( sec )/lb 



Fuel in propellant, percent by weight 

Lb imilil i i 111 1 1 1 1 l 1 I I 1 1 i i I i i i i I i i i i I l i i I I i t i i 1 i i i 
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Oxidant-fuel ratio, 0 /f 

(a) Chamber pressure, GO pounds per square inch absolute; 
frozen composition during expansion. 

Figure 1. - Theoretical specific impulse of liquid hydrogen and liquid 
oxygen. Isentropic expansion to pressure ratio indicated. 
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Fuel in propellant, percent by weight 


li I i Ini i i 1 1 m 1 1 1 1 1 i I i I i Lu_L-L-l— i—i—i i I L * i i 1 i < _i i I i i i i — 1 — i — i 1 1 1 

40 20 10 8.0 6.0 4.0 3.0 2.0 1.5 1. 

Oxidant-fuel ratio, 0/F 

(b) Chamber pressure, 60 pounds pe: square inch absolute j 
equilibrium composition during expansion. 

Figure 1. - Continued. Theoretical specific mpulse of liquid hydrogen and 
liquid oxygen. Isentropic expansion to preosure ratio indicated. 
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Fuel in propellant, percent by weight 
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40 20 10 8.0 6.0 4.0 3.0 2.0 1.5 1. 

Oxidant -fuel ratio, O/F 

(c) Chamber pressure, 150 pounds per square inch absolute j 
frozen composition during expansion. 

Figure 1. - Continued. Theoretical specific impulse of liquid hydrogen and 
liquid oxygen. Isentropic expansion to pressure ratio indicated. 
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ratio 
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40 20 10 8.0 6.0 


4.0 3.0 2.0 

Oxidant -fuel ratio, 0/F 


(e) Chamber pressure, 300 pounds per square inch absolute; 
frozen composition during expansion. 

Figure 1. - Continued. Theoretical specific impulse of liquid hydrogen and 
liquid oxygen. Isentropic expansion to pressure ratio indicated. 





Fuel in propellant, percer t t>y weight 
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Oxidant-fuel ral io, 0/F 

(f) Chamber pressure, 300 pounds per square inch absolute; 
equilibrium composition during exps nsion. 

Figure 1. - Continued. Theoretical specific impulse of liquid hydrogen and 
liquid oxygen. Isentropic expansion to jressure ratio indicated. 
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Fuel in propellant, percent by weight 


40 20 10 8.0 6.0 


4.0 3.0 2.0 

Oxidant-fuel ratio, o/f 


(g) Chamber pressure, 600 pounds per square inch absolute; 
frozen composition during expansion. 

Figure 1. - Continued. Theoretical specific impulse of liquid hydrogen and 
liquid oxygen. Isentropic expansion to pressure ratio indicated. 
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Oxidant-fuel rai io, o/F 

(h) Chamber pressure, 600 pounds per square inch absolute; 
equilibrium composition during expansion. 

Figure 1. - Concluded. Theoretical specific impulse of liquid hydrogen and 
liquid oxygen. Isentropic expansion to pressure ratio Indicated. 
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Oxidant-fuel ratio, O/F 


(a) Chamber pressure, 60 pounds per square inch absolute; 
frozen composition during expansion* 

Figure c, - Theoretical combustion chamber and nozzle-exit temperatures of 
liquid hydrogen and liquid oxygen. Isentropic expansion to pressure 
ratio indicated. 
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40 20 10 8.0 6.0 4.0 3.0 2.0 1.5 

Oxidant -fuel ratio, 0 /f 

(c) Chamber pressure, 150 pounds per square inch absolute; 
frozen composition during expansion. 

Figure 2. - Continued. Theoretical combustion chamber and nozzle-exit 
temperatures of liquid hydrogen and liquid oxygen. Isentropic expansion 
to pressure ratio indicated. 
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Temperature 
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40 20 10 8.0 6.0 4.0 3.0 2.0 1.5 1 

Oxidant-fuel ratio, O/F 

(g) Chamber pressure, 600 pounds per square inch absolute; 
frozen composition during expansion. 

Figure 2. - Continued. Theoretical combustion chamber and nozzle -exit 
temperatures of liquid hydrogen and liquid oxygen. Isentropic expansion 
to pressure ratio indicated. 
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(a) Chamber pressure, GO pounds per square inch absolute- 
frozen composition during expansion. 


Figure 3. - Theoretical ratio of nozzle area to throat 
hydrogen and liquid oxygen. Isentropic exuansion to 
indicated. 


area for liquid 
pressure ratio 
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Fuel in propellant, percent by weight 
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Oxidant-fuel ratio, 0/F 


(c) Chamber pressure, 150 pounds per square inch absolute; 
frozen composition during expansion. 

Figure . 3. - Continued. Theoretical ratio of nozzle area to throat area for 
liquid hydrogen and liquid oxygen. Isentropic expansion to pressure ratio 
indicated. 
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40 20 10 8.0 6.0 4.0 3.0 2.0 1.5 1.0 

Oxidant -fuel rat .o, O/F 

(d) Chamber pressure, 150 pounds per square inch absolute; 
equilibrium composition during expan i ion. 

Figure 3. - Continued. Theoretical ratio of nozzle area to throat area for 
liquid hydrogen and liquid oxygen. Isentr >pic expansion to pressure ratio 
indicated. 




Area ratio 
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Oxidant-fuel ratio, O/F 

(e) Chamber pressure, 300 pounds per square inch absolute; 
frozen composition during expansion. 

Figure 3. - Continued. Theoretical ratio of nozzle area to throat area for 
liquid hydrogen and liquid oxygen. Isentropie expansion to pressure ratio 
indicated. 



Area ratio 










Oxidant -fuel ratio, O/F 

(g) Chamber pressure, 600 pounds per square inch absolute; 
frozen composition during expansion. 

Figure 3. - Continued. Theoretical ratio of nozzle area to throat area for 
liquid hydrogen and liquid oxygen. Isentropic expansion to pressure ratio 
indicated. 
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(h) Chamber pressure, 600 pounds pir square inch absolute; 
equilibrium composition during expansion. 

Figure 3. - Concluded. Theoretical ratio of nozzle area to throat area for 
liquid hydrogen and liquid oxygen. Iseitropic expansion to pressure ratio 
indicated. 











Coefficient of thrust 
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(c) Chamber pressure, 150 pounds per square inch absolute; 
frozen composition during expansion. 


Figure 4. - Continued. Theoretical coefficient of thrust of liquid hydrogen 
and liquid oxygen. Isentropic expansion to pressure ratio indicated. 
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(d) Chamber pressure, 150 pounds per square inch absolute; 
equilibrium composition during expansicn. 

Figure 4. - Continued. Theoretical coefficienl of thrust of liquid hydrogen 
and liquid oxygen. Isentropic expansion to jressure ratio indicated. 
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40 20 10 a0 6.0 4.0 3.0 2.0 1.5 1.0 

Oxidant -fuel ratio, 0/F 

(e) Chamber pressure, 300 pounds per square inch absolute; 
frozen composition during expansion. 

Figure 4. - Continued. Theoretical coefficient of thrust of liquid hydrogen 
and liquid oxygen. Isentropic expansion to pressure ratio indicated. 
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Fuel in propellant, percent "by weight 
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Oxidant-fuel ratio, O/F 

(f) Chamber pressure, 300 pounds per square inch absolute; 
equilibrium composition during expaision. 

Figure 4. - Continued. Theoretical coefficient of thrust of liquid hydrogen 
and liquid oxygen. Isentropic expansion to pressure ratio indicated. 
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4.0 3.0 2.0 

Oxidant- fuel ratio, O/F 


j L 
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J L 


(g) Chamber pressure, 600 pounds per square inch absolute; 
frozen composition during expansion. 


J 


1.0 


Figure 4. - Continued, 
and liquid oxygen. 


Theoretical coefficient of thrust of liquid hydrogen 
Isentropic expansion to pressure ratio indicated. 



Coefficient of thrust 



Oxidant -fuel ratio, o/F 

(h) Chamber pressure, 600 pounds per square inch absolute; 
equilibrium composition during expan >ion. 

Figure 4. - Concluded. Theoretical coefficient of thrust of liquid hydrogen 
and liquid oxygen. Isentropic expansion t > pressure ratio indicated. 
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Oxidant -fuel ratio, O/F 

(b) Chamber pressure, 150 pounds per square inch absolute. 

Figure 5. - Continued. Theoretical molecular weight of liquid hydrogen and 
liquid oxygen. Equilibrium composition during isentropic expansion to 
pressure ratio indicated. 
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40 20 10 8.0 6.0 4.0 3.0 2.0 1.5 1.0 

Oxidant -fuel ratio, O/F 

(c) Chamber pressure, 300 pounds per square Inch absolute. 

Figure 5. - Continued. Theoretical molecular weight of liquid hydrogen and 
liquid oxygen. Equilibrium composition during isentropic expansion to 
pressure ratio indicated. 
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40 20 108.0 6.0 4.0 3.0 2.0 1.5 

Oxidant-fuel ratio, o/f 

(a) Equilibrium composition during expansion. 

Figure 6. - Theoretical characteristic velocity of liquid hydrogen and 
liquid oxygen. 
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40 20 10 8.0 6.0 4.0 3.0 2.0 1.5 

Oxidant -fuel ra* 1 io, o/F 

(t>) Frozen composition during expansion. 

Figure 6. - Concluded. Theoretical characteristic velocity of liquid 
hydrogen and liquid oxygen. 
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Oxidant-fuel ratio, O/F 

(b) Chamber pressure, 60 pounds per square inch absolute; 
equilibrium composition during expansion. 

Figure 7. - Continued. Theoretical specific impulse in vacuum of liquid 
hydrogen and liquid oxygen. Isentropic expansion to area ratio indicated. 




Oxidant-fuel ratio, O/F 

(a) Chamber pressure, 60 pounds per sc uare inch absolute; 
frozen composition during expansion. 

Figure 7. - Theoretical specific impulse in vacuum of liquid hydrogen and 
liquid oxygen. Isentropic expansion to area ratio indicated. 
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Oxidant -fuel ratio, 0 /f 

(c) Chamber pressure, 150 pounds per square inch absolute; 
frozen composition during expansion. 

Figure 7. - Continued. Trie or of inui specific Impulse in vacuum of liquid 
hydrogen and liquid oxygen. Isenlropic expansion to area ratio indicated. 
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Oxidant -fuel rat io, O/F 


(d) Chamber pressure, 150 pounds per square inch absolute; 
equilibrium composition during expsnsion. 


Figure 7. - Continued. Theoretical specific impulse in vacuum of liquid 
hydrogen and liquid oxygen. Isentropic expansion to area ratio indicated 



135 



L 1 i l uu I n 1 1 1 1 1 > 1 1 1 i I i 1 1 1 i i I i _ j ii I i i i i i i i i « l i i i k [ t i i , i 

40 20 108.0 6.0 4.0 3.0 2.0 1.5 1.0 

Oxidant-fuel ratio, O/f 

(e) Chamber pressure, 300 pounds per square inch absolute; 
frozen composition during expansion. 

Figure 7. - Continued. Theoretical specific impulse in vacuum of liquid 
hydrogen and liquid oxygen. Isentropic expansion to area ratio indicated. 
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Fuel in propellant, percen: "by weight 


lili iuuki , III ■ I I 1 1 J i i I I 1 1 I I I ■ l h 1 i i 1 i I I I I I I l 1 — I 1 1 1 1 

40 20 10 8.0 6.0 4.0 3.0 2.0 1.5 1 

Oxidant-fuel ratio, 0/F 

(f) Chamber pressure, 300 pounds per square inch absolute; 
equilibrium composition during expansion. 

Figure 7. - Continued. Theoretical specific impulse in vacuum of liquid 
hyirogen and liquid oxygen. Isentropic expansion to area ratio indicated 
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(f) Chamber pressure, 600 pounds per square inch absolute; 
frozen composition during expansion. 

Figure 7. - Continued. Theoretical specific impulse in vacuum of liquid 
hydrogen and liquid oxygen. Isentropic expansion to area ratio indicated. 





Oxidant-fuel ratio, O/F 

(h) Chamber pressure, 600 pounds per square inch absolute; 
equilibrium composition during expansion. 

Figure 7. - Concluded. Theoretical specific impulse in vacuum of liquid 
hydrogen and liquid oxygen. Isentropic expansion to area ratio indicated 
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Figure 8. - Theoretical specific impulse for liquid hydrogen with liquid 
oxygen. Isentropic expansion to 1 atmosphere from chamber pressure 
indicated. 
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